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ABSTRACT
ECOLOGY AND CONSERVATION OF GREY CROWNED CRANES (Balearica
regulorum) IN TANZANIA
FEBRUARY 2022
BRIDGET B. AMULIKE, DIPLOMA AND ADVANCED DIPLOMA., COLLEGE OF
AFRICAN WILDLIFE MANAGEMENT, MWEKA, TANZANIA
M.S., FROSTBURG STATE UNIVERSITY
Ph.D., UNIVERSITY OF MASSACHUSETTS AMHERST
Directed by: Professor Curtice R. Griffin and Todd K. Fuller
Grey crowned cranes are classified as endangered by the International Union for
Conservation of Nature (IUCN) and are listed on Appendix II of Convention for
International Trade for Endangered and Threatened Flora and Fauna (CITES). Their
population throughout Africa has declined by 50% from the period of 1985 – 2004. The
major causes for their population decline are attributed mainly to habitat loss and the
illegal capture of live birds and collection of their eggs. Currently, throughout Africa,
there is little effort to protect the grey crowned cranes. Compared to large and
charismatic species of wildlife, grey crowned cranes have received little research and
conservation attention. Little is known about their distribution, threats, and population .
My research had four main objectives. i) using indigenous and local knowledge
to determine the distribution and ecology of grey crowned cranes, ii ) determine the
perception and attitudes of local people towards grey crowned cranes, iii) assess the
international trade of grey crowned cranes and, iv) estimate the abundance and density of

vii

grey crowned crane in the Ngorongoro Crater, one of the few places in Tanzania where
cranes can easily be viewed.
The use of indigenous and local knowledge provided insights in to crane
distribution, breeding and seasonal habitat use. About 46 cranes locations were identified.
Compared to the past 5-10 years, local people revealed that the population of grey
crowned cranes in their regions have declined. They reported habitat loss, illegal capture
and poisoning to be the main factors. Compared to other regions, the average number of
cranes sighted in Mbeya was highest, possibly due to availability of wetlands throughout
the year. There was variation in reports of mean numbers of cranes in the four study
regions. Based on reports from local community, wetlands played a critical role in the
distribution of cranes regardless of season. There was little evidence of cranes breeding
in the study areas, which may imply cranes were breeding in areas not known by local
people. Thus, this calls for a study to determine where grey crowned cranes breed. The
model to determine the ward characteristics that influences local residents to see the
cranes, revealed that grasslands were a good predictor of the number of people seeing
cranes in their ward/region. Wetlands would be expected to be a good predictor.
However, wetlands exhibited a negative relationship with the number of people seeing
cranes in their wards. This negative relationship may have been due degraded wetlands
resulting from various human activities.
Results from the assessment of the perceptions , knowledge, and attitudes of the
local people towards grey crowned cranes, indicated that, cranes were not a pest to crops,
with nearly 96% of residents saying cranes did not cause damage to their crops, while 6
% indicated the species was damaging to their crops. Crop damage was dependent on the
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types of crops. Overall, the results indicated a positive interaction between local people
and the cranes, with nearly 96% of respondents interacting positively with the species .
There was little evidence of the illegal trade of cranes in the study regions. Much of the
illegal trade occurred in Mbarali District in Mbeya Region where cranes are captured for
use in traditional medicine. It was also discovered that all the local residents (100 %)
who were interviewed in this study, were not aware of the moratorium of trade in grey
crowned cranes, which calls for the need to create awareness about the status and
conservation of the species. Additionally, an assessment of the international trade of grey
crowned cranes revealed major discrepancies in the CITES data, indicating major
limitations of the system underscoring a need to transfer the grey crowned cranes to
CITES Appendix I.
I discovered a seasonal difference in the abundance and density of the grey
crowned cranes in the Ngorongoro Crater. The mean densities of cranes were
significantly lower in the wet season (2.4/km2) than in the dry season (20.2 cranes/km2).
The estimated numbers of grey crowned cranes in the wet season were significantly
lower( 108–133 cranes) than in the dry season( 362–401). These results likely reflect the
concentration of cranes in the dry season in the perennial wetlands of the Crater and
reinforce the notion of the Crater being a key seasonal habitat for crane populations in
northern Tanzania.
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CHAPTER 1
A GENERAL INTRODUCTION TO GREY CROWNED CRANES
Grey crowned cranes belong to the family gruidae, genus Balearica and
species regulorum. These birds are among the 15 species of cranes found in the
world and among the four species of cranes native to Africa ( Harris and Mirande
2013).

Two subspecies occur in Africa. The eastern ( Balearica regulorum

gibericeps ) and the southern African ( Balearica regulorum regulorum) subspecies ( Beilfuss 2007, Meine and Archibald 1996).
Their distribution pattern ranges from the eastern Democratic Republic of
the Congo, Uganda, and Kenya to south-eastern South

Africa (Meine and

Archibald, 1996, Urban 1987). They forage in grasslands near wetlands and breed
in the fringes of wetlands in tall vegetation ( Meine and Archibald, 1996, del Hoyo
et al 1996, Urban 1987). Specifically, the species inhabits wetlands such as edges
of rivers and lakes, swamps, and dams with tall vegetation (Meine and Archibald
1996, Urban 1987), open savanna ( del Hoyo et al 1996) and agricultural areas (
Gichuki and Gichuki 1991, Muheebwa-Muhoozi 2001). Ecologically the grey
crowned cranes are known to associate with wetlands and grassland ecosystems
which provide important areas for nesting and foraging (Meine and Archibald,
1996). Grey crowned cranes diet mostly consists of grass forbs, nuts, and grains,
roots, shoots of vegetation and small mammals (Meine and Archibald1996). They
are generalists in nature and quite adaptable based on studies by Nachuha et al
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(2012), where cranes have been seen feeding in rubbish dump sites in human
dominated areas.
The courtship and breeding behavior of grey crowned cranes is quite
similar to that of other crane species. The cranes dance around in circle and bow
and jump with their wings widespread ( Urban 1987). Grey Crowned cranes lay
between 1-4 eggs (Gichuki 1996). An average clutch sizes of approximately 2 and
3 have been recorded ( Gichuki 1996). Incubation lasts for 29-30 days ( Urban
1987). Fledging occurs around 3- 4 months ( Urban 1986). These birds are nonmigratory, but take on variable local and seasonal movements, and are most
abundant in Uganda, Kenya, and Tanzania ( Morrison 2015).

Why Focus Research on Grey Crowned Cranes?
With population declines of 50% from the period of 1985 – 2004
(Beilfuss et al. 2007) grey crowned cranes are classified as endangered by the
International Union for Conservation of Nature (IUCN) and are listed on
Appendix II of Convention for International Trade for Endangered and
Threatened Flora and Fauna (CITES). The two main threats linked to crane
p1opulation decline are habitat loss and illegal trade ( Harris and Mirande 2013).
Habitat loss has been linked to unsustainable human practices involving
agriculture, livestock grazing and human settlement expansion ( Harris and
Mirande 2013). The illicit trade in grey crowned cranes has involved the illegal
removal of birds and eggs from the wild, either for food, traditional uses,
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domestication, and illegal export (Morrison 2015). Other threats include collision
with powerlines , persecution, and poisoning ( Morrison and Dodman 2019).
Other than anecdotal distributional records (n = 1,681) from the Tanzania
Bird Atlas Project from 1921 to 2013, where many of these records fall within
wildlife protected areas, very little is known about the abundance threats,
seasonal habitat use and productivity of grey crowned cranes in Tanzania.
Further, no studies exist about how local people perceive and interact with the
species. Although crane distributional map across Africa exists, the map is
general and does not provide specific locations of where cranes occur especially
outside protected areas. Areas outside protected areas are important to survey
since wildlife does not always restrict itself to protected areas.
Wildlife in Tanzania plays an important economic role, with tourism
earning the country some US$700 million per year which accounts for 5-10% of
the country’s Gross Domestic Products (DGP) (Nelson et al. 2007). Despite the
importance of wildlife in contributing to poverty alleviation, little has been made
to save and manage rare and endangered species of wildlife which if well
protected can continue to contribute to the tourism sector. Additionally, most
research and conservation efforts in Tanzania have focused on the protection of
large and charismatic species of wildlife, with little to no research focused on
small wildlife species such as the grey crowned cranes. Also, much attention has
been made towards the protection of wildlife inside protected areas putting at risk
many species that use human dominated landscapes. Species conservation and
protection in Tanzania has followed an approach described under the World
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Conservation Union Categories of Conservation I-III. These strategies are deemed
to be the best for wildlife protection. However, they are limited in extent and
exclude many key species of conservation importance. Grey crowned cranes
which became an endangered species in 2012, is one of those species in Tanzania
that have received little protection and conservation attention. This project
intended to change that fact and focused on understanding of grey crowned
cranes population, distribution, breeding, habitat use and the threats they face.
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CHAPTER 2
USING INDEGENOUS AND LOCAL KNOWLEDGE TO IDENTIFY THE
DISTRIBUTION OF GREY CROWNED CRANES IN TANZANIA

Abstract
Humans have important and long-standing interactions with their areas,
providing local people knowledge about the environments in which they live,
including the abundance and distribution of wildlife species. In this study, I used
the local knowledge of villagers to provide information on the distribution and
ecology of grey crowned cranes in four regions in Tanzania. Via in-person
surveys in 41 villages and 12 districts, 46 cranes locations were identified with
26 being within participants’ home ward and 20 locations outside their home
ward. Local people provided information on the seasonal habitat use and breeding
by grey crowned cranes. The average number of cranes seen by local participants
was higher in Mbeya Region ( 19.61), and low in Arusha, (7.07), Kilimanjaro (
4.6 cranes) and Singida ( 4.5 cranes). There was a variation in the seasonal
distribution of cranes by region. In Arusha and Kilimanjaro, the proportion of
crane observations by the Local people was higher in the wet season than the dry
seasons. In Singida and Mbeya, the proportion of crane observations were higher
in both seasons ( wet and dry). Results showed little evidence of crane breeding.
The region of Kilimanjaro had a high proportion of reported number of chicks
relative to other regions.
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Finally, we modelled the influence of land-cover types and population
variables on the number of people who described seeing grey crowned cranes in
their wards. The model showed that residents were likely to see the cranes in their
wards in areas that were less populated by people with few human activities. An
increase in grassland habitats in a ward increased the chances of people sighting
cranes, suggesting the importance of grasslands to cranes as well as increasing the
probability of sighting cranes in these open habitats. While wetlands are important
crane habitats, the model exhibited a negative relationship between the number of
people seeing cranes in their wards and the number of wetlands available in the
ward. This negative relationship may be due to the occurrence of a few, degraded
wetlands available for cranes and the difficulty of accessing wetlands by people.
While indigenous and local knowledge can provide insights into species
distribution and ecology, there is a need for using Satellite tagging of cranes in
combination with aerial surveys to identify crane habitat use, breeding sites and
distribution.
Introduction
Human populations, especially those living in and around protected areas,
often have vital and long-standing interactions with their areas, giving local
people knowledge about the environments in which they live (Trakolis 2001).
Local people who have lived for a long time in their communities may provide
insights into the spatial extent, intensity, duration and range variability of the
processes shaping the species wellbeing (World Wildlife Fund 2013). Local
knowledge is important to the conservation of biodiversity, but in most cases this
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knowledge is rarely used. Indigenous local knowledge can provide models for
sustainable natural resources management (Gadgil et al 1993), inform researchers
about species distribution and presence (Poizat and Baran 1997), trends and status
of biodiversity and ecological services since local people are the direct users of
biodiversity (World Wildlife Fund 2013). According to Berkes et al. (1995)
indigenous local knowledge , may offer new biological knowledge and insights,
used in environmental impact assessments. The local knowledge is relevant in
protected area planning, education and in development planning. Indigenous
knowledge can be valuable considering the challenges involving the finances,
logistics in conducting research ( Ream 2013).
While the benefits of indigenous and local knowledge have been widely
documented in many articles, this type of knowledge has been criticized by some
scholars. It has been regarded as irrelevant Beckford and Barker (2007). In some
societies it is viewed as backward or primitive ( Sengupta 2015). FernandezGimenez (2000) noted that science was better equipped to sense causal linkages
between threats to pastoralists and land use change. Local and indigenous
knowledge has been viewed by some scholars as unreliable. Langil (1999), noted
that if communities become more integrated with larger outside societies and if
knowledge was obtained from recent migrants with little knowledge about the
local environment, then the knowledge may be unreliable. Local knowledge
may change as a result of development in the economy and society ( Twigg
2015). Fabricius et al (2006) viewed local indigenous knowledge as being unable
to evolve quickly to encompass changes in social-ecological systems.
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In East Africa and the rest of Africa, the practice of including local people
in conservation gained popularity in the 1980s (e.g., Roe et al 2009, Muphree,
2000), and during 1985 to 1995 Tanzania began involving native people in natural
resources conservation (Mascarenhas 2003). . Before the colonial era,
communities in Tanzania had a repertoire of knowledge pertaining to the flora,
fauna, food and nutrition, environment, land use practices, irrigation and water
management (Mascarenhas 2003).
The use of indigenous knowledge has been widely applied in Tanzania in
sustainable land management (Kangalawe, 2014), protection and conservation of
forest areas ( Bwagalilo 2015, Sirima 2015, Shemdoe 2017), social policy
development (Kashaga 2013), agricultural practices ( Shemdoe 2017) and in
understanding zoonoses studies amongst the pastoral communities. Also, some
aspects of indigenous and local knowledge have been incorporated in the studies of
conservation attitudes towards protected areas (Hariohay et al 2018, Newmark et al
1996), awareness and perceptions towards hunting (Bitanyi et al 2012) and crop
damage (Gillingham 2003). Yet, there is little information on the contributions of
local knowledge in understanding animal distribution and status. In this study, we
used local knowledge to determine grey crowned crane status, distribution,
breeding, and seasonal habitat uses. The results of this study will be useful in
future management and conservation of grey crowned cranes and their habitats.
The specific objectives of this research were:
1) Determine the distribution and status of grey crowned cranes in central
Tanzania,
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2) Determine the seasonal habitat use and breeding status and chronology of
cranes in the region.
3) Evaluate factors affecting the detection of cranes by people in rural
communities.

Materials and Methods
Study area
The study was conducted in four regions in Tanzania, including: Arusha,
Kilimanjaro, Singida, and Mbeya (Table 2.1, Figure 2.1). All four areas were
accessible and represented a wide variety of ecological systems in central Tanzania.
These four study regions were further divided into districts and wards.
Arusha Region
The Arusha region is located in the northeastern corner of the country. The
2012 census estimated 1.7 million people living in the region, with 67% living in
rural areas and 33% in urban areas. The population of the region increased by
31% between 2002 and 2012. (The United Republic of Tanzania 2016a). The
main economic activity in the area is agriculture, where large- and small-scale
farming is practiced (The United Republic of Tanzania, 2016a). About 38% of the
population in the Arusha region are farmers, followed by livestock keepers,
service workers shop and store sell workers (The United Republic of Tanzania
2016a). Like Kilimanjaro, fishing is the least practiced economic activity. Largescale farming involves cultivation of seed beans, wheat, and coffee, while maize
and beans are practiced at a small scale. Other types of crops include paddy (in
Monduli and babati), bananas, millet, and potatoes. The major crops grown in our
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specific study areas in this region were maize, bananas, millet, potatoes, wheat,
barley, sunflower, and rice. Elevation in the region ranges from 977m–2100m,
averaging 1170m. The area experiences two seasons. The dry season starts from
early June to mid-October and the rain (short and long rain) season begins midOctober to end of May or early June. Rainfall in the region also varies, with an
average of 1550m, ranging from 800m to 550mm.The major vegetation types
include bushlands, wooded grasslands, open grasslands.
Kilimanjaro Region:
The Kilimanjaro region is situated to the east of the Arusha region with a
growing human population, totaling 1,640,087in 2012 (The Government of
Tanzania 2016b). The region has the same wet and dry seasons as the Arusha
region. Farming is the most common occupation, with 65% of households
actively engaged in farming. Maize is the most common crop followed by other
crops (not specified), then cassava, bananas, and rice. Livestock keeping
contributes significantly to the economy of residents of Kilimanjaro region with
nearly 55% of households engaged with livestock keeping.
Singida Region
The Singida region is located in central Tanzania with a human population
of 1,270,637 in 2012 and a 26% increase over the previous 10 years (The United
Republic of Tanzania, 2017). Singida is a semi-arid region with an average annual
rainfall of 700mm, ranging from 500mm–800mm. The average elevation is
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1025m (wetaherspark.com, n.d), ranging from 1200m-1500m. There are two welldefined seasons in the area. The short rain season from December -March,
sometimes extending into April, and the dry season from April -November. The
most common types of vegetation in the region are thickets and bush. The Iramba
district, the primary study area for this region, is composed mainly of
thickets. The crops grown in the region include maize, millet, cassava, sweet
potatoes, sorghum, beans, sunflower and cotton, yellow gram, rice, and
onions. Maize, sorghum, and millet are the principal crops grown in the region.
Paddy and cowpeas are the least grown. About 90% of the people in Singida,
depend on agriculture.
Mbeya Region
Located in southwestern Tanzania, Mbarali is the largest district
(16,000km2) in the Mbeya region. The human population of the Mbarali district
was 300,517 in 2012 (The United Republic of Tanzania, 2018). Depending on the
location, the rainfall is highly variable, ranging from 650mm – 2600mm. The
region experiences two seasons, wet and dry with the dry season from May to
October, and the rainy season starts in October and ends in May. Cultivation in
most parts of Mbeya usually occurs in the rainy season from November to May.
The vegetation of Mbarali is primarily savanna with tropical wooded grasslands.
Like other regions in Tanzania, agriculture is the dominant economic activity in
the Mbeya region, employing 80% of its populace. In Mbarali district, nearly 78%
of households engage in agriculture. Major crops in the region include beans,
maize, potatoes, sweet potatoes, rice, sorghum, cassava, bananas, groundnuts,
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simsim, bananas, vegetables, and other fruits. Other crops considered cash crops
include tea, tobacco, coffee, wheat palm oil, pyrethrum, and sunflower. The
Mbarali district makes up the largest area under cultivation in the region, with
68% used for rice farming.
Sampling protocol
I selected survey areas based on the occurrence of wetlands, rice
cultivation, and grasslands based on the reports by Del Hoyo et al. (1996) and
Hockey et al. (2005), who reported that grey crowned cranes prefer wetlands for
breeding and adjacent grassland as foraging areas. Although I used maps to locate
the wetlands in the regions, I also relied on regional/district natural resources
officers to identify unmapped wetlands in their regions.
Survey Methods
I used face-to-face interviews and selected residents at random to
interview. Interviews within a village typically took 1 to 2 days per village
depending on people’s interest in participating and how populated the area was.
Very sparsely populated areas took longer to complete the interviews due to travel
time. The goal was to interview a minimum of 30 individuals (15 females and 15
males) in each village. In some cases, this goal was not met because some
participants did not want to take part in the study.
Survey questionnaires contained two sets of questions (Appendix A),
open- and closed-ended. Open-ended questions are those that allow participants to
respond to a question in their own words, providing more opportunity for
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participants to express their concerns (Geer 1998). Closed-ended questions are
predetermined fixed questions by the researcher, which tend to confine answers to
the questions offered by the researcher (Presser 1990). Closed-ended questions
included yes/no and not sure questions.
The sampling protocol in this chapter is analogous to the one employed in
the perception chapter. The only distinction between the two are the questions
asked. Participants in the study were indigenous and local inhabitants of different
occupations, males and females, ages <20, 20-40, 41-60 and > 60. Survey
questions were reviewed and approved by the committee on the use of human
subjects at the University of Massachusetts Amherst. Permission to conduct
research on human subjects was also approved by the Tanzania Wildlife Research
Institute ( TAWIRI). Forms were translated in Swahili and all interviews were
conducted in Swahili by native Tanzanians familiar with the language and have
experience in conducting interviews. Prior to performing interviews, participants
were asked about whether they would be interested in taking part in the interviews
process. We also introduced to the participants the nature of our research on grey
crowned cranes. Taking part in the interview process was voluntary. For
confidentiality, we did not ask the names of participants.
Data Analyses
I used descriptive statistics to summarize the responses. For open-ended
questions, we categorized responses based on their similarities and presented
these data as percentages. Questions with multiple answers yielded percentages
that did not sum up to 100%. Analyses were performed in Microsoft excel and R
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(R Version 4.0, www.r-project.org, accessed April 2020). We used ArcGIS
version 10.7.1 (Environmental System Research Institute, Inc, Redlands, CA) to
map the locations of cranes at ward level because wards are well mapped in
comparison to villages where people report different names for the same village.
We used three types of variables (survey variables, ward
geographic/demographic variables, and land-cover variables) to evaluate factors
associated with participants who reported seeing cranes (Appendix B). The survey
variables were obtained from the in-person surveys, including number of villagers
interviewed in the ward (n_interviews), which was the dependent variable, and
number of interviewees reporting seeing cranes (n_reported). These two variables
provided a binomial model with successes and failures in participants reporting
seeing cranes. N_obs_locations is the number of locations where cranes were
observed within a ward. Ward geographic/demographic variables included: area
of the ward in square km (wd_arearea_km2, population of the ward
(ward_pop), ward population/ward area (pop_densit),and number of interviewees
per ward area (obs_density). Landcover variables included length of rivers in
ward/ward area (riv_density), percentage of wetland landcover type in ward
border (pct_wetland), percentage of grassland landcover type in ward border
(pct_grassland), percentage of all other landcover types except wetlands,
protected areas and wetlands (pct_other), density of wetlands bordering a ward
(wetland_border_pct), and presence or absence of protected area
(P_Status_binprotected).
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Development of land cover variables:
I used the European Space Agency Climate Change Initiative (ESACCI)
Land cover for Africa with 20m resolution to calculate land cover (www.esalandcover-cci.org). I used the clipping tool in data management tools in ArcGIS
version 10.7.1 (Environmental System Research Institute, Inc, Redlands, CA) to
obtain the Tanzanian landcover at ward level. Then, using spatial analyst tool in
ArcGIS, I reclassified the land cover features in the ESACCI Landcover. I
calculated the area of each land cover type for each ward using the field calculator
in the attribute table. The formular count * area (pixel cell size2) was used to
calculate the area. The land cover features categorized included grassland,
cropland, aquatic vegetation or regularly flooded areas, and open water. The
ESACCI land cover did not delineate river systems well in Tanzania. Thus, I used
the Tanzania rivers shapefile from the Food and Agriculture Organization (FAO)
(Food and Agriculture Organization, unpublished data) to supplement this data
set. The FAO rivers shapefile did not include all river channels within study
areas. Thus, I used Google Earth to digitize in the rivers that were missing in the
FAO shapefile, and these were merged with the FAO rivers shapefile to fill gaps
in the FAO river data. Protected area data were obtained from the World Data
Base on Protected Areas (WDPA) (UNEP-WCMC and IUCN 2021). Geometries
for river length and protected areas were calculated in the attribute table in
ArcGIS using the calculate geometry tool. Country region, districts and ward
shapefiles were obtained from the National Bureau of Statistics (National Bureau
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of Statistics, unpublished data), including human population data (National
Bureau of Statistics, unpublished data)
Data exploration and variable selection
I used the scatterplot matrix (SPLOMS) to assess variable correlation. I
excluded variables that were considered highly correlated with values of ±> 5.0. I
then fit the full model in program R that included all the variables that were not
correlated using Generalized Linear Models with binomial distribution. To refine
the model, we used a backward stepwise model selection process, using the
function (step 1) in R. We also tested the variables for multicollinearity by testing
for variance inflation. Variables with high variance inflation were removed from
the model. Variables with inflated variances may lead to the rejection of the null
model test that all regression slopes are equal to zero, concluding that the overall
regression equation is significant.
Results
A total of 318 (57%) of 560 villagers interviewed reported seeing cranes
in either their home ward or outside their home wards. A higher proportion of
people reported seeing cranes in the Mbeya (n = 80, 68%) and Kilimanjaro
(n=116, 65%) regions, with lower proportions in the Arusha (n=100, 47%) and
Singida (n = 22, 44%) regions (Table 2.1). Participants also reported on the
number of cranes they saw within the past 5 to 10 years. The mean number of
cranes seen varied across the regions, ranging from 19.6 cranes in the Mbeya
Region, Arusha (7.1 cranes), Kilimanjaro (4.6 cranes) and 4.5 cranes in Singida
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Region (Table 2). The minimum and maximum numbers seen ranged from 1 to
100 cranes. Overall, about 60% of participants believed that the number of cranes
had declined in the past 5-10 yrs, followed by don’t know (32%), population has
not changed (4%) and 2% the number has increased.
Locations of crane observations
Of the 65 crane locations reported by participants, 26 crane locations
occurred within participants’ home wards and 39 locations occurred outside their
home wards (Table 2.1). There were 23 locations identified in both the Arusha
and Kilimanjaro regions, with fewer crane locations identified in Mbeya (n=11)
and Singida (n=8) districts. At the ward level, participants reported more crane
locations in Arusha (n=13) with much fewer in Kilimanjaro (n=7), Singida (n=4)
and Mbeya (n=2). Participants also identified crane locations located outside their
home wards with participants in the Kilimanjaro region reporting 16 locations,
followed by Arusha (10) Mbeya (9) and 4 locations in Singida (Table 2.1). In
total, participants reported observing cranes in 30 wards The reports of cranes
seen by participants outside of their home wards(Table 2.3, Figure 2.2).
Season and habitat specific crane reports
Overall, the observations of grey crowned cranes in wetlands were highest
in both the wet and dry season, except for the Singida region where the
percentage of crane reported in the wetlands was 33%, compared to farmlands
(49%) (Table 2.4). There were variations between regions for the seasons and
habitats where cranes were observed, especially when comparing grasslands and
farmlands. In the Kilimanjaro region, cranes were observed in grasslands in both
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the wet (36%) and dry (37%) seasons, relative to seeing them in farmlands (wet:
27% and dry: 19%). This was also the case for the unspecified habitats in
Kilimanjaro region (Table 2.4). During the wet season, there were fewer reports
of seeing cranes in the grasslands than seeing them in wetlands and farmlands,
except for Arusha Region, where 29% of respondents reported seeing cranes in
farmland areas. In the wet season, 100% of reports were of cranes in wetlands in
the Mbeya Region, Mbarali District.
Season and habitat specific crane reports – reported by farmers
Overall, farmers were more likely to sight cranes compared to livestock
keepers and other occupations (Table 2.5) but reports from farmers about crane
seasonal habitat use varied across all regions. For example, in the Arusha region,
the report rate of crane sightings in wetlands was higher than in Kilimanjaro,
which experiences a similar timing of the wet and dry seasons. In the wet season,
the percent reports of crane sightings by farmers in Mbarali District in Mbeya
differed from that in Arusha Region, with 65% of farmers reporting cranes in
farmlands compared to 38% of farmers in Arusha stipulating cranes were seen in
farmlands.
In the dry season, the rate of seeing cranes by farmers in the wetlands was
higher in Arusha, Kilimanjaro and Mbeya regions and low in Singida. This was
followed by farmers reporting seeing crane in the farmlands in Arusha, Singida
and Mbeya, except the Kilimanjaro region where few cranes were seen in the
farmlands and more were seen in grasslands. Except for Kilimanjaro region, the
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rate of sighting cranes in the grassland was lower in Arusha, Singida and Mbeya
(Table 2.5).
Season and habitat specific crane reports–reported by livestock keepers
There was also a variation in seasonal crane habitat use sightings reported
by livestock keepers across all the four regions (Table 2.5). During the wet
season, the percent report of cranes sightings in the wetlands were higher in
Arusha and Kilimanjaro (74% and 84% respectively) and low in the grasslands
(19% and 7%) and farmlands (5% and 7%). There were no reports of cranes
sightings in any habitat types in Mbeya and Singida during the wet season and the
unspecified season (Table 2.5). In the unspecified season (cranes seen in both
seasons, or season was not specified), a variation also existed in the habitat types
in which cranes were sighted, with more reports of crane sightings showing
cranes were mostly seen in the wetlands (75%) in Arusha and in grasslands (57%)
in Kilimanjaro Region.
Season and habitat specific crane reports – other occupation
Participants with other occupations (government workers, fishermen,
traditional healers) in Kilimanjaro, Arusha and Singida reported seeing more
cranes in wetlands, followed by farmlands and least in grasslands (Table 2.5).
Participants in Mbeya did not specify any habitats for their crane sightings. The
same applied to the unspecified season. For unspecified season, the percent
reports of cranes sightings were higher in the wetlands, followed by grasslands
and farmlands.
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Monthly observations of adult grey crowned cranes
We asked villagers to describe the seasons and habitats they saw adult
grey crowned cranes. There was a slight variation in responses in seasons that
participants saw the grey crowned cranes. The chi - square test of independence
revealed differences in monthly report observations of adult grey crowned cranes,
Chi Sq = 146.18, d.f = 33, p<0.001 (Table 2.6, Figure 2.3). Overall, in Arusha
and Kilimanjaro Regions, the report rates of sighting adult cranes in the wet
season were higher than in the dry season (Table 2.6). In Mbeya and Singida
Regions, reports rates of seeing adult cranes were high in both wet and dry
seasons ( Table 2.6, Figure 2.3). In Arusha and Kilimanjaro, the dry seasons occur
from June 4th- October 11, while the rainy season happens from October 12th June 3 (Table 2.7). In Mbeya and Singida, the dry seasons are from either 20th
and 21st of May to October 16th and 18th respectively (Table 2.7), while the
rainy season is experienced from October 17th and 19th to May 19th and 20th.
Grey crowned cranes breeding
Only about 3% out of all participants reported seeing cranes nesting.
Similarly, relatively few crane chicks were observed with the greatest number
reported for the In Kilimanjaro region (Table 2.8). Crane chicks were seen in
every month in the Kilimanjaro region, and in the wet (May and June) and dry
(September) seasons in the Mbeya region. In contrast, the few chicks seen in the
Singida and Arusha regions occurred in the wet season (Table 2.8).
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Modelling the number of people who saw grey crowned cranes in their ward
The final and best model was validated to confirm that it complied with
the underlying model assumptions, such as absence of residuals (Table 2.9, Figure
2.4). The Shapiro_Wilk test indicated non-normality in the final model, W =
0.94394, p-value = 0.1392, and the variance inflation factors for the final model
were all <5 (Table 2.10), showing a low correlation of predictor variables. While
several variables were significant; including population density, ward area),
percent grassland in a ward, percent of wetland in a ward, and river density), the
grassland variable was the only variable that was significant (p < 0.00002) with a
positive coefficient (Table 2.9). With each unit increase in percent grassland, the
expected log count of the number of people seeing cranes increased by 0.7. All
other tested variables had negative coefficients, except the number of crane
observation locations in a ward that was non-significant.
Discussion
The proportion of people who saw grey crowned cranes was higher in the
Kilimanjaro and Mbeya regions compared to the Arusha and Singida regions.
While these differences in crane observations are probably partially due to
differences in sampling effort, I believe that they may also serve as an index of
abundance between the regions. For example, Arusha had the largest sample size
of all the regions compared to Singida, which had the smallest sample size of all
the regions. Yet, in terms of crane locations, Arusha and Kilimanjaro had more
locations than Mbeya and Singida. Undoubtedly, the availability of crane habitats
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also contributes to these differences. Participants’ home wards that were heavily
developed (e.g. settlements) or with little crane habitat had no crane locations
reported by villagers. Such areas included Rujewa Ward in Mbeya, Kiomboi in
Iramba, Mbulumbulu in Karatu, Namanga in Longido. However, the absence of
crane locations in some other wards may may result from low numbers of
villagers interviewed (n=4-6). The areas with small sample sizes included
Olmolog in Longido, Engutoto in Monduli, Oloirien in Ngorongoro and Gelai
Lumbwa in Longido. I suspect that many of these areas may well host cranes.
Further, cranes were sighted in a wide variety of habitats, including wetlands,
short grasslands and rice farms.
Overall, participants believed that crane population had declined in the
past 5 to 10 years. Most participants did not offer reasons for crane population
declines, with a few participants indicating cranes were declining because of
habitat loss and droughts. Residents did not consider illegal capture as a problem
for crane declines. Morrison (2015) attributes crane population declines
throughout in Africa to habitat loss and illegal capture of live birds and their eggs.
Other serious threats include poisoning, collision with overhead powerlines,
disturbance of nesting sites, and livestock grazing
Seasonal habitat uses by cranes
The seasonal variability of seeing cranes in the different habitats may
depend on many factors, including climate variability in the four study regions,
such as the start and end of the rainy and dry seasons, and abundance and
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availability of food and suitable breeding habitats. Overall, respondents indicated
that the cranes were mostly seen in wetlands than in other habitats in both the wet
and dry seasons, except in the Singida region where farmlands received the
highest use by cranes. However, the wetland habitats in Singida appeared
degraded, especially around Lake Kitangire, which directly borders the study
ward, Tulya. In addition to intensive livestock grazing and fishing, vegetation was
absent on the fringes of the lake. Participants reported that cranes could be found
on the other side of the lake with more vegetation cover. Lake Kitangire in
Singida is an important bird area but is not currently protected. With these
degraded wetlands in Singida, cranes may have a higher use of farmlands than
wetlands.
Grasslands also provided important habitat for cranes, especially in the
Kilimanjaro region where the rate of seeing cranes in grasslands was high in
comparison to grassland availability. However, this habitat use differed by
region. In the Arusha region, farmlands were the second-most used habitat type
after wetlands, where cranes were found both in the wet and dry seasons. In the
Mbeya region, there were no reports of cranes using grasslands and farmlands in
the wet season. However, 100% of respondents reported seeing cranes in the
wetlands during the wet season.
In the Mbarali District, where rice agriculture is practiced, cranes were
seen in the wet and dry seasons, suggesting that cranes may use rice paddies for
both foraging and breeding. Yet, few people reported cranes breeding in rice
paddies in Mbeya in the Mbarali District. The breeding of grey crowned cranes
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varies depending on the season (Walkinshaw 1964). In most areas, cranes breed in
the wet season, which may extend into the dry season if areas remain flooded.
Frame (1982) and Amulike et al (2020) observed 2 pairs of cranes breeding in the
swamps in Ngorongoro Crater during the wet season.
Overall, my data suggest that cranes extensively use wetlands in the wet
season when many seasonal wetlands are created by heavy rainfall and provide
foraging and breeding habitats for cranes. Thus, rather than being confined to a
few permanent wetlands, grey crowned cranes can disperse to use these seasonal
wetlands. Amulike et al. (2020) reported that there were more grey crowned
cranes in the Ngorongoro Crater in the dry season than in the wet season possibly
to use the permanent wetlands in the crater. Yet, in the wet season, cranes
migrated out of the crater, possibly because of abundant food and wetlands
outside the crater. Apart from Singida, the report rate of seeing the cranes in
wetlands in other regions was high. This was expected because in the dry season,
the seasonal wetlands have dried out and cranes seek refuge in areas with
permanent wetlands. In the dry season in rural Tanzania, local people also use
these few permanent wetlands to obtain water for home consumption, and smallscale agriculture. As a result of this interaction, local people can easily spot the
crane and other animals using the wetlands.
Season and habitat specific crane reports by occupation
Overall, there were more reports of seeing cranes by farmers than, by
livestock keepers and other occupations (government workers, fishermen)
undoubtedly, this is because nearly 68% of participants near study and practice
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agriculture as their major source of economy. The ability of farmers reporting on
seeing cranes may depend on crops grown ( Appendix C) and the type of
agriculture practiced. About 98 % of the local people in the study wards in
Mbarali District practiced agriculture with 82% showing they grow rice. This was
followed by 60% of participants in Iramba who grow other crops such as millet
and sorghum, commonly grown in Singida apart maize. Percent of reports by
occupation on seasonal crane habitat use differed slightly from the results that did
not account for occupation
This variation was more pronounced in the wet season, where higher rates
of cranes using wetlands were observed in Arusha and Singida regions and in
farmlands in Mbeya and Kilimanjaro. The response rates of crane sightings in
grasslands by farmers were zero to few responses for the wet season. Zero
responses were recorded for Mbeya and Singida, because a large proportion of
participants in Mbarali and Singida Districts are mostly farmers and spend more
time on farmlands rather than in grasslands. The rice farms in Mbeya in Mbarali
District are mostly paddy. Lower rates of crane sightings in the grasslands by
farmers during the wet season may be because of a possibility of cranes using
temporary wetlands created during the rainy season. In the dry season, farmers’
reports indicated cranes were mostly using wetlands for reasons
The number of reports of seeing cranes in the wet season in the different
habitats, reported by livestock keepers was high in Arusha regions than that
reported by farmers in the same region and same season. This could be because
of majority of participants in Arusha being livestock keepers. In Arusha Region,
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about 38% of the population are farmers, then followed by livestock keepers and
other occupations ( The United Republic of Tanzania 2016a).
The rate of sighting cranes in various habitats by livestock keepers and
farmers varied slightly. However, overall, rate of responses by livestock keepers
and other occupations where higher for wetlands, showing that cranes were
mostly using the wetlands except in a few cases such as Kilimanjaro in the dry
season and unspecified season where more reports by livestock keepers showed
cranes were using grasslands.
Crane breeding
While there were many observations of adult cranes in our study regions
(Table 2.6) there were very few reports of cranes on nests. Given the relatively
high number of crane chicks reported, I suspect that people have few
opportunities to be in wetlands where cranes are most likely nesting. Numbers of
crane chicks were reported in the Kilimanjaro region throughout the year. In this
region, participants reported seeing crane chicks in Nyumba ya Mungu Dam ,
Lake Chala, Lake Kalemawe, and Lake Natron (in Ketumbeine ward). All these
wetlands are permanent and may provide breeding habitat for cranes throughout
the year. Other places where local people reported seeing cranes on nest included
Ihefu wetlands in Mbarali District (now part of Ruaha National Park).. Other
reported crane nesting areas were Kwaehili and rice farms in Mbarali District and
Lake Kalemawe in Same District, Kilimanjaro Region. There were no reports of
crane nesting in Arusha Region.
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Although there were few reports of cranes breeding in wetlands outside of
protected areas, I believe that crane nests are notoriously difficult to find in
wetland areas where access is difficult for people. In Uganda, grey crowned
cranes breed in wetlands outside protected areas in human dominated areas
(Nachuha 2015, Olupot et al 2009). However, these areas face many threats
involving nest destruction, trapping, killing, and poisoning (Olupot et al 2009). In
our study areas, threats that were directly observed and may impede cranes from
breeding in wetlands included fishing, clothes washing, diverting water for
agriculture, human settlements near wetlands and intensive cattle grazing on the
periphery of wetlands.
The breeding season of grey crowned crane across Africa is variable and is
dependent on rainfall (Walkinshaw 1964). In Tanzania and Kenya, grey crowned
cranes breed during the rainy season (Wilkinshaw 1964, Frame 1982 and Gichuki
1996), while in Uganda cranes may breed throughout the year ( Muheebwa 2001).
In April 2015, in Ngorongoro Crater Tanzania, I observed 2 pairs of cranes
nesting in a swamp at hippo pool and in an open woodland. April is the wet
season in Ngorongoro. In Kenya, Gichuki (1996) observed cranes nesting in
swamps between July and September (the wet season in Kenya). Grey crowned
cranes may also breed throughout the year in permanent wetlands. In Mbarali
District in Mbeya, the local people reported seeing cranes chicks in the wet and
dry seasons. Thus, cranes may breed in both the rainy and dry season as long as
there is enough food and sufficient wetlands. However, due to a small rate of

29

reports on seeing chicks in the rice farms in Mbeya, further studies are needed to
determine the breeding phenology of cranes in this district.
Modelling the number of cranes reporting seeing cranes in their wards
I expected wetlands, river density and protected areas to have positive
relationships with the number of people seeing cranes in the wards. However, this
was not the case with the coefficients for these variables being negative. Yet,
others report that grasslands and wetlands are important habitats for grey crowned
cranes (del Hoyo et al. 1996, Hockey et al. 2005, Meine and Archibald 1995).
The observed negative relationships for these variables in my study suggest that
there are major limitations in my study design in using local knowledge to assess
the habitats used by cranes, of which limited human access to wetlands in
particular could greatly reduce opportunities for people to observe cranes in
wetlands. These results may also suggest that there were few suitable wetlands,
protected areas and rivers for the cranes in my study areas. Further, very few
wetlands (marshlands, open water) were captured by the ESACCI Land cover.
Thus, using this landcover data source may not be representative of the
occurrence of wetlands on the landscape, and lead to these negative relationships.
My model results indicated that an increase in percent grasslands in a ward was
positively related to more people seeing cranes in their ward. This underscores the
important of grasslands for cranes as reported by others, and it also suggests that
people may spend more time in grasslands than say wetlands, and that cranes may
be more readily observable in grassland habitats. As expected, my study results
indicate that cranes were less likely to be seen in areas with higher human
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population densities. This suggests that the presence of human activities, such as
settlements, farming, livestock grazing, and industries most likely reduce the
extent of habitats for cranes.
Conclusion
In summary, results from this study provide information on the ability to
use local knowledge to better understand crane distribution, population trends and
factors that may influence the distribution of grey crowned cranes. Of all
occupations, farmers were more likely to see the cranes, which is probably
attributable to the high proportion of villagers interviewed (68%) practiced
agriculture as their main economic activities. Knowing that farmers are more
likely to interact with the cranes and that their economies may be affected by
cranes through crop damage, future crane recovery projects should include
farmers as their key stakeholders. Crop damage was not a major concern of
participants in my study; however, the majority of the farmers I interviewed were
rice farmers. Although there were few incidences of crop damage by cranes,
conflict between farmers and cranes may arise in future should there be shifts in
agricultural practices. If majority of farmers switched from paddy farming to
maize and beans and other crops that attract the cranes, then we may see a rise in
crane farmers conflicts since studies in Chapter 2, revealed that cranes cause
damage to maize and beans over rice
Local people indicated that they see fewer cranes today compared to their
observations 5 to 10 years previously. People cited droughts and habitat loss as
key threats. The illegal trade was not cited as among the main problems.
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The variation in the reports by local people on the seasonal habitat use by
cranes in the four study regions were probably due to differences in duration of
the dry and wet seasons in the study regions. Availability of suitable breeding and
foraging habitats in the four study regions may also be a factor. For example, in
the Mbeya region, cranes were seen using farmlands in both the wet and dry
seasons. This was probably due to the wide availability of rice fields that require
a more constant supply of water throughout the year, providing suitable habitats
for cranes even in the dry season.
I found little evidence that cranes were breeding in the study wards. This
suggests that crane breeding is especially difficult to detect in wetland areas, and
cranes may be breeding somewhere else. Satellite tagging of cranes in
combination with aerial surveys would help identify where cranes are breeding.
While the model I used to help identify the characteristics that affected the
sighting of cranes by local people appeared suitable, the model was not suitable
for identifying all of the habitats important to cranes. For example, an increase in
wetlands and presence of protected areas resulted in a decrease in the number of
people reporting seeing cranes in their wards, suggesting that neither of the
variable are important to cranes. Yet, wetlands are critically important habitats
for cranes for both foraging and breeding. Consequently, local knowledge may
not be the most efficient or reliable way to identify the important habitats for
cranes in Tanzania but can serve as an important step in identifying the presence
or absence of cranes in an area and providing important insight into needed
conservation measures for cranes.
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Table 2.1 Numbers of Tanzanian villagers interviewed by ward and location reporting grey crowned crane observations in the
previous 5-10 years.
____________________________________________________________________________________________________________
No. of
No. of
interviewees
No. of crane observation locations
villagers
reporting
---------------------------------------------------Region
District
Ward
interviewed seeing cranes
Inside Ward
Outside Ward
Total
____________________________________________________________________________________________________________
Arusha

Arumeru
Karatu
Longido

40
Monduli

Ngorongoro

Ngarenanyuki
Baray
Mbulumbulu
Gelai Lumbwa
Ketumbeine
Namanga
Olmolog
Tingatinga
Engutoto
Esilalei
Mto wa Mbu
Selela
Sepeko
Oloirien
Orgosolok
Total

41
26
11
5
15
6
5
15
4
8
29
8
8
5
28
--214

27
7
0
0
6
0
0
10
0
4
21
0
8
0
17
---100

3
1
0
0
1
0
0
1
0
1
4
0
1
0
1
---13

1
1
0
0
1
0
0
1
0
1
1
0
0
0
4
--10

4
2
0
0
2
0
0
2
0
2
5
0
1
0
5
---23

Table . 1(cont)
______________________________________________________________________________________________________

No. of

locations

interviewees

No. of crane observation

villagers
reporting
---------------------------------------------------Region
District
Ward
interviewed seeing cranes
Inside Ward
Outside Ward
Total
___________________________________________________________________________________________________________
Kilimanjaro Moshi
Arusha Chini
14
10
1
1
2
Msitu wa Tembo
8
3
1
1
2
Mwanga
Jipe
20
14
1
4
5
Langata
43
28
1
2
3
Rombo
Mamsera
20
11
1
0
1
Same
Maore
33
21
1
4
5
Ndungu
22
22
0
4
4
Siha
Sihakati
18
7
1
0
1
-------------Total
179
116
7
16
23
41

Singida

Iramba

Kiomboi
Tulya
Total

Mbeya

Mbarali

Itamboleo
Mapogoro
Rujewa
Total

Grand Total

9
41
---50

2
20
---22

0
4
-4

2
2
-4

2
6
--8

31
58
29
---118
---560

31
32
17
---80
----318

1
1
0
--2
--26

2
4
3
--9
--29

3
5
3
--11
--65

Table 2.2. Numbers of grey crowned cranes observed by villagers within the past 5 to 10
years.
Number of Crane Observations
Total # of
Region

observers

Mean

Range

Mode

Minimum

Maximum

Arusha

100

7.07

98

6

2

100

Kilimanjaro

114

4.56

23

2

2

25

Singida

20

4.5

10

4

2

12

Mbeya

74

19.61

99

2

1

100

42

Table 2.3. Crane observations reported by Tanzanian villagers interviewed during
February-December 2015 that occurred outside of their home wards. Villagers were
asked if, when, and where they had seen cranes in the previous 5-10 years.
________________________________________________________________
No. of
Region
District
Ward
observations
________________________________________________________________
Arusha

Karatu
Ngorongoro

Kilimanjaro

Same
Siha

Mbeya

Mbarali

Mang’ola
Malambo
Pinyiyi
Soit Sambu
Kalemawe
Kihurio
Makiwaru

1
1
1
1
4
3
1

Igavi
Imalilisongwe
Luhanga
Madibira
Mahongole

2
2
2
1
1
----Grand total
20
________________________________________________________________
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Table 2.4 .Percent of season- and habitat-specific crane reports (N) by villagers of all occupations interviewed in four regions of
Tanzania during February-December 2015. Villagers who reported seeing cranes were asked when and where they had seen cranes
in the previous 5-10 years.
_________________________________________________________________________________________________
Occupation
Season
Region
Wetlands
Grasslands
Farmland
N
_________________________________________________________________________________________________
Total

44

Wet

Arusha
Kilimanjaro
Singida
Mbeya

62
37
52
100

9
36
0
0

29
27
48
0

162
128
3
26

Dry

Arusha
Kilimanjaro
Singida
Mbeya

68
44
33
53

0
37
18
12

32
19
49
35

104
115
103
101

Unspecifieda Arusha
56
36
8
125
Kilimanjaro
39
48
12
114
Singida
42
0
58
104
Mbeya
0
0
100
100
________________________________________________________________________________________________

Table 2.5 Percent of season- and habitat-specific crane reports (N) by villagers with different major occupations interviewed in four
regions of Tanzania during February-December 2015. Villagers who reported seeing cranes were asked when and where they had
seen cranes in the previous 5-10 years.
_________________________________________________________________________________________________
Occupation
Season
Region
Wetlands
Grasslands
Farmland
N
_________________________________________________________________________________________________
Farmer
Wet
Arusha
58
4
38
24
Kilimanjaro
27
43
30
44
Singida
50
0
50
6
Mbeya
35
0
65
26
Dry
45

Arusha
Kilimanjaro
Singida
Mbeya

67
46
33
53

0
36
17
12

33
18
50
35

3
11
6
51

Unspecifieda Arusha
Kilimanjaro
Singida
Mbeya

53
37
42
0

37
49
0
0

10
14
58
100

100
35
12
2

Table 2.5 (cont.)
_________________________________________________________________________________________________
Occupation
Season
Region
Wetlands
Grasslands
Farmland
N
_________________________________________________________________________________________________
Livestock keeper

46

Wet

Arusha
Kilimanjaro
Singida
Mbeya

74
87

19
7

5
7

42
15
0
0

Dry

Arusha
Kilimanjaro
Singida
Mbeya

100
36

0
45

0
18

4
11
0
0

75
29

31
57

0
14

16
7
0
0

Unspecifieda Arusha
Kilimanjaro
Singida
Mbeya

Table 2. 5(cont.)
_________________________________________________________________________________________________
Occupation
Season
Region
Wetlands
Grasslands
Farmland
N
_________________________________________________________________________________________________
Other

47

Wet

Arusha
Kilimanjaro
Singida
Mbeya

65
54
50

18
15
0

18
31
50

17
13
6
0

Dry

Arusha
Kilimanjaro
Singida
Mbeya

75
29

31
57

0
14

16
7
0
0

Unspecifieda Arusha
67
33
0
9
Kilimanjaro
75
25
0
8
Singida
50
0
50
4
Mbeya
0
_________________________________________________________________________________________________
a
Either no or both seasons identified.

Table 2.6 Monthly frequency of reported observations of adult grey crowned cranes by Tanzanian villagers
in four regions of Tanzania.
_________________________________________________________________________________________________
Percent of observations each month
-------------------------------------------------------------------------------------------------------No. of
Region
J
F
M
A
M
J
J
A
S
O
N
D
observations
_________________________________________________________________________________________________
Arusha

16

14

11

12

6

7

4

6

7

7

4

5

376

Kilimanjaro

20

11

9

6

7

6

6

4

7

11

13

12

338

Singida

20

14

3

5

9

15

8

0

0

2

3

22

65

48

Mbeya
11
13
11
6
6
6
11
15
10
7
3
4
198
_________________________________________________________________________________________________
Chi sq = 146.18, 33 d.f., P<0.001
See Figure 2 for graph.
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Table 2.7 Climate and land cover data for districts in the four regions of Tanzania in which grey crowned crane surveys were
conducted.
____________________________________________________________________________________________________
Total
a
Dry season
annual
Percent land coverb
---------------------------------rainfall Elevation ---------------------------------------------Region
Districts
Dates
Length (days)
(mm)
(m)
Wetlandsc Grasslands Farmlands
____________________________________________________________________________________________________
Arusha
Arumeru
11 Jun - 5 Oct
116
800
1,450
>1
34
23
Karatu
1 Jun - 14 Oct
135
1,680
1,050
>1
33
32
Longido
4 Jun - 11 Oct
129
830
1,275
0
37
23
Monduli
4 Jun - 13 Oct
131
870
975
>1
30
39
Ngorongoro
2 Jun - 12 Oct
130
3,550
2,100
0
24
21
Mean
4 Jun - 11 Oct
129
1,550
1,170
>1
31
27
Kilimanjaro Moshi
Mwanga
Rombo
Same
Siha
Mean

10 Jun - 5 Oct
6 Jun - 4 Oct
10 Jun - 4 Oct
5 Jun - 3 Oct
12 Jun - 4 Oct
9 Jun - 4 Oct

117
120
116
120
118
117

2,390
1,250
1,480
600
2,390
1,600

700
700
900
525
1,250
815

4
16
2
>1
>1
5

19
33
12
19
5
17

57
10
46
37
25
35

Singida

21 May - 18 Oct

150

700

1,025

11

13

31

Iramba

Mbeya
Mbarali
20 May - 16 Oct 149
625
1,400
0
17
60
____________________________________________________________________________________________________
a
Interval for which the average accumulated rainfall for sliding 31-day period centered around each day of the year was
<13 mm (from https://weatherspark.com).
b
Mean of values for wards within each district (see model data set); excludes forests, buildings/roads, rivers, etc.
c
Includes swamps, flooded areas, and shallow open water.

Table 2.8. Proportion of grey crowned cranes chicks relative to number of adult cranes observed each month
as reported by Tanzanian villagers in four regions of Tanzania.
_________________________________________________________________________________________________
Chicks per 100 adult cranes seen each month
------------------------------------------------------------------------------------------------------No. of chick
Region
J
F
M
A
M
J
J
A
S
O
N
D
observations
_________________________________________________________________________________________________
Arusha

0

0

0

0

4

0

0

0

0

0

0

0

1

Kilimanjaro

4

11

14

16

8

14

5

7

9

3

2

5

27

Singida

0

0

0

33

0

0

0

*

ND

0

0

0

2

50

Mbeya
0
0
0
0
9
8
0
0
5
0
0
0
3
_________________________________________________________________________________________________
* - report of 1 chick, but no adults observed.
ND – no adults or chicks observ

Table 2.9. Model results predicting the proportion Tanzanian villagers interviewed in different wards during
February-December 2015 reporting observations and locations of gray crowned cranes in the ward in the previous 5-10 years.
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Estimate

Std. Error

z value

pop_density

-1.446

0.52

-2.80

0.005036 **

p_status_binprotected

-1.315

0.26

-5.14

0.000000 ***

area_km2

-1.070

0.20

-5.47

0.000000 ***

0.733

0.17

4.25

0.000022 ***

pct_wetland

-0.583

0.12

-4.91

0.000001 ***

(Intercept)

0.519

0.15

3.46

0.000549 ***

riv_density

-0.226

0.12

-1.97

0.141

0.10

1.46

pct_grassland

n_obs_locations

Pr(>|z|)

0.049183 *
0.143718

Table 2.10. The Variance Inflation factors (VIF)
for the final models in table 10
Variable
VIF
n_obs_locations

1.388609

area_km2

3.452755

pop_density

2.102088

riv_density

1.177517

pct_wetland

3.189881

pct_grassland

2.466598

p_status_bin

1.869471
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Figure 2.1. Distribution of wards (dark gray polygons) within districts and regions
(light gray in inset) of Tanzania in which crane-related surveys were conducted
during February-December 2015 (see Table 2.1)
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Figure 2.2: Distribution of wards within districts and regions in Tanzania where local
people reported seeing cranes. Surveys were conducted during February – December
2015.
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Figure 2.3. Monthly frequency (percent of all observations in each region) of
observations of adult grey crowned cranes reported by Tanzanian villagers in four
regions of Tanzania (from Table 6).
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Figure 2.4: Residual plot for the best model to determine other factors
affecting the detection of cranes by people in their regions.
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CHAPTER 3

CONSERVATION-RELATED KNOWLEDGE, INTERACTIONS, AND ATTITUDES OF
VILLAGERS OF GREY CROWNED CRANES ( BALEARICA REGULORUM) IN
TANZANIA

Abstract:
Nearly 70% of wildlife in East Africa is found in dispersal areas outside protected
areas. Majority of the wildlife in rural Tanzania is found in areas used for agriculture,
settlement, and grazing. Grey crowned Cranes (Balearica regulorum regulorum ) are
among the wildlife not only restricted to protected areas in Africa but can also be found
in human-dominated landscapes. Because of increasing threats facing wildlife that inhabit
human-dominated landscapes, I conducted a study in rural Tanzania to assess the crop
damage by cranes, extent of the illegal crane trade and attitudes of local people towards
grey crowned cranes and how they interact with the species. I used face-to-face
interviews to collect information on cranes. Prior to interviewing people, protocols to
conduct research on human subjects were followed. A total of 570 composing of 44%
female and 56% male were interviewed from 42 villages. Most interviewees were
farmers (n=288), followed by livestock keepers (n =169), business (n=75), government
workers (n=24), and other (n=14). Our results showed that grey crowned cranes were not
a pest to crops with over 90% saying that the bird was not damaging to their crops.
Residents had a positive interaction with the species, with 96% showing they cause no
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harm to the cranes, while only 4% saying cranes cause damage to their crops. The
methods used to control crop damage include trapping and chasing. Results revealed little
evidence in crane trade, with 90% of participants stating they have seen no one catching
live cranes, chicks and their eggs, while the 10% admitted having seen the illegal
collection of cranes and their parts. While trade constituted a small number, it mainly
occurred in Mbeya Region, for use in traditional medicine. Overall, local people had a
positive attitude towards grey crowned cranes. These positive perceptions in my study
areas may lead to successful crane conservation programs, people are more likely to
support conservation of species that have little to no negative impact on their livelihoods.
Introduction
Grey crowned cranes ( Balearica regulorum) are classified as an endangered
species on the IUCN Red List (Birdlife International 2013) and are currently listed on
Appendix II of the Convention on International Trade of Endangered Species of Flora
and Fauna (CITES) (CITES 2012). The populations of grey crowned cranes throughout
Africa have declined sharply over the past 30 years (Beilfuss 2015). Illegal capture
(Beilfuss 2005, Olupot 2014), including the removal of crane chicks from the wild
(Kanyamibwa 1996, Olupot 2014, Olupot 2016), and habitat loss (Fashawe and Bennun
1991, Kanyamibwa 1996, Beilfuss 2005) are considered the main threats to crane
survival. Other documented threats include intentional or unintentional poisoning
(Olupot 2016), collision with powerlines (Smallie and Virani 2010), and human
disturbance at nesting sites (Morison 2015, Muheebwa-Muhozi 2001). While grey
crowned cranes in most parts of Africa, including Tanzania, are well protected within the
national parks (Morisson 2015), cranes throughout their range in Africa commonly occur
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outside of protected areas. Further, many national parks in Africa, including those in
Tanzania, have become isolated due to increased human populations, economies and
infrastructure development around protected areas (Newmark 2008); thus, wildlife are
subjected to illegal hunting (Tranquilli et al. 2014, Carol and Schutes 2007). Nearly 70%
of wildlife in East Africa is found in areas outside protected areas (Okech 2011). Further,
in rural Tanzania where much of the wildlife is found, a substantial proportion of the
landscape is used for agriculture, settlement, and grazing (Wilfred 2010). Agricultural
expansion to areas near protected areas in Tanzania reduce wildlife dispersal areas (
Msoffe et al 2011) and contributes to human-wildlife conflicts (Okech 2011).
In Uganda, grey crowned cranes are mainly found in wetlands located outside
protected areas in urban areas (Olupot et al 2009, Kibuule and Pomeroy 2015, Nachua et
al 2015, Wamiti et al 2020) where they roost, breed and feed (Olupot et al 2009, Nachuha
et al 2015, Pomeroy 2021). Cranes also commonly use farmlands in South Africa
(Farakayi et al 2016), and Kenya (Wamiti et al 2021). In Tanzania, cranes have been
reported in agricultural areas in West Kilimanjaro (Mmari 1996), the Moshi lower rice
schemes (Katondo 1996), and in the Kapunga rice fields where nearly 200 cranes were
sighted in 2015 in the Mbarali District of the Mbeya region (B. Amulike, pers. obs.).
Considering that large numbers of grey crowned cranes use areas outside of protected
areas, there is high potential for conflict with people. Thus, it is important to understand
the attitudes and perceptions of local people towards grey crowned cranes, so effective
crane conservation programs can be developed (Bath 1998). Stakeholders’ interests and
acceptance of wildlife at the local level are critical for successful wildlife conservation
and management programs (Enck and Bath, 2012).
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There are several studies investigating the attitudes and perception of famers
towards various species of cranes, including: the brolga (Antigone rubicunda) and
Australian sarus crane (Antigone gillae) (Nevard et al. 2018), blue cranes (Anthropoides
paradiseus) (van Velden et al. 2016), and several authors on sandhill cranes (Antigone
canadensis) (McIvor 1994, Laubhan and Gammonley 2001, Barcelo et al 2012). Other
studies have reported on the awareness, knowledge, and attitudes of communities towards
the whooping crane (Grus americana; Lessard 2018), black crowned cranes (Balearica
pavonina; Gemeda et al 2016) and Indian sarus cranes (Grus antigone antigone L.) (
Saiyed et al 2020). In Africa, much of the human dimensions research on cranes has
been conducted mostly in Uganda, where the grey crowned crane is a cultural and
national symbol of the country. Nyandoi et al. (2020) reported on how the perceptions of
people of how grey crowned cranes affect the livelihoods of local people, while Olupot
(2016) and Olupot et al. (2016) reported on the threats to grey crowned cranes in Uganda.
To date, no research has been conducted on the human perceptions towards grey crowned
cranes in Tanzania. This information is needed for developing effective crane
conservation programs in Tanzania because how species are valued can differ much
between different cultures. Thus, the goal of this study was to assess the perceptions and
attitudes of local people towards grey crowned cranes in the four regions in Tanzania.
Specifically, I wanted to assess (i) whether local villagers knew if cranes occurred in their
villages or other areas, (ii) if cranes caused crop damage, (iii) how villagers interact with
grey crowned cranes, (iv) their attitudes towards grey crowned crane conservation, and
(v) the extent of illegal crane trade.
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Methods
Study area
The study was conducted in four regions in Tanzania, including: arusha,
Kilimanjaro, Singida, and Mbeya within 12 districts, involving 42 villages (Table 3.1,
Figure 3.1). All four areas were accessible and represented a wide variety of ecological
system in central Tanzania.
Sampling protocol
I selected survey areas based on the occurrence of wetlands, rice cultivation, and
grasslands based on the reports by Del Hoyo et al. (1996) and Hockey et al. (2005), who
reported that grey crowned cranes prefer wetlands for breeding and adjacent grassland as
foraging areas. Although I used maps to locate the wetlands in the regions, I also relied
on regional/district natural resources officers to identify unmapped wetlands in their
regions.
Survey methods
I used face-to-face interviews and selected residents at random to interview.
Interviews within a village typically took 1 to 2 days per village depending on people’s
interest in participating and how populated the area was. Very sparsely populated areas
took longer to complete the interviews due to travel time. The goal was to interview a
minimum of 30 individuals (15 females and 15 males) in each village. In some cases,
this goal was not met because some participants did not want to take part in the study.
Survey questionnaires contained two sets of questions (Appendix A), open- and
closed-ended. Open-ended questions are those that allow participants to respond to a
question in their own words, providing more opportunity for participants to express their
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concerns (Geer 1998). Closed-ended questions are predetermined fixed questions by the
researcher, which tend to confine answers to the questions offered by the researcher
(Presser 1990), Closed-ended questions included yes/no and not sure questions.
Survey questions were reviewed and approved by the committee on the use of
human subjects at the University of Massachusetts Amherst. Permission to conduct
research on human subjects was also approved by the Tanzania Wildlife Research
Institute (TAWIRI). All interviews were conducted in Swahili by native Tanzanians
familiar with the language and have experience in conducting interviews. Prior to
performing interviews, participants were asked about whether they would be interested in
taking part in the interviews process. We also introduced the participants the nature of
our research on grey crowned cranes. Taking part in the interview process was voluntary.
For confidentiality, we did not ask the names of participants.
Data analyses
I used descriptive statistics to summarize the responses. For open-ended
questions, 1 categorized responses based on their similarities and presented these data as
percentages. Questions with multiple answers yielded percentages that did not sum up to
100%. Analyses were performed in Microsoft excel and R (R Version 4.0, www.rproject.org, accessed April 2020).

Results:
Characteristics of respondents
We interviewed a total of 570 local people in 42 villages (Table 3.1) with
respondents representing a variety of gender, age ( Table 3.2) and occupations ( Table
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3.4). Of the 570 interviewees, 44% were female and 56% male. The majority of our
respondents were farmers (n=288), followed by livestock keepers (n =169), business (
n=75), government workers ( n=24), and other ( n=14). A small number were fishing,
traditional healing, and undescribed occupations (Table 3.4).
Of the 570 villagers interviewed, 318 reported having seen cranes and were the
focus of this study. More males (n=190) reported seeing cranes compared to females (n
= 128) (X2 = 2.088, df = 1, p-value < 0.001, Table 3.3). Of all the major occupations
represented in the survey group, farmers more frequently reported seeing cranes,
followed by livestock keepers (n = 75), business (n=26), government workers (n= 20) and
other (n = 13) (X2 = 322.35, df = 4, p-value < 0.0001) (Table 3.4).
Do Grey crowned cranes cause damage to crop?
To evaluate the extent of crane-farmer conflict, we asked farmers if grey crowned
cranes caused damage to their crops. Of the 173 villagers who responded to this
question, over 90% indicated that cranes did not cause any crop damage (Table 3.5). For
villagers reporting that cranes cause crop damage, farmers with mixed or other types of
crops (maize, beans, bananas, tomatoes) reported the highest frequency of crop damage,
while farmers who cultivate rice reported the lowest frequency of crop damage (Table
3.5).
Farm size and type of crops grown by farmers
Farm sizes ranged from 1-24 acres, and the main type of crops grown included
rice, maize, beans, bananas, tomatoes and other ( undefined)(Table 3.6). Farmers grew
more than one crop, thus the percent of crops grown were greater than 100%. Farmers
with small farms of <5 acres grew mostly rice (83%), followed by maize (24%) other
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crops (24%), tomatoes (11%) and banana (3%). Those with large farm sizes of 5-25
acres grew mostly maize (48%), tomatoes (33%), other (28%), rice (20%), beans (10%)
and bananas (8%).
How villagers interacted with cranes
When we asked villagers what they do when they see grey crowned cranes, the
majority indicated that they “do nothing” (58%), followed watch/enjoy (25%), and
photograph (13%) ( Table 3.7). Only 3% indicated that they chase or scare the cranes,
and 1% responded that they “keep it”. The response “do nothing” had a higher scores
across all occupations (farmers, livestock keepers, business, government and other). The
few responses about chasing and trapping cranes came from farmers (5%) and
government workers (4%).
When asked what other people in their communities did when they see cranes,
48% said “nothing”, followed by 45% who said “they did not know”. Both “trap it/kill
it” (6%) and “chase/scare the birds” ( 1%) responses were low. There were few
differences in responses across occupations (Table 3.8).

Assessing crane trade
Of the 318 villagers asked if they had seen anyone catching cranes or collecting
crane eggs, most (90%) indicated that they had not. Overall, 6% percent reported seeing
others catching cranes, with farmers (10%) and other occupations (8%, fishing,
traditional healing and undescribed) reporting a higher incidence of seeing people catch
cranes and collecting chicks and eggs (Table 3.9). There were 17 reports of local people
catching cranes, and three reports of foreigners/tourists catching cranes (Table 3.10).
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There were 15 reports of local people buying live grey crowned cranes, and 2 reports of
foreigners/tourists buying cranes. None of the 318 villagers interviewed were aware that
there was a trade moratorium for grey crowned crane by CITES.
Values of grey crowned cranes
Overall, 95% of the 236 villagers did not know the value of the grey crowned
cranes, while 3% indicated its use in traditional medicine, food (1%) and feathers (<1%) (
Table 3.11). The group comprised of traditional healing, fishing, and undescribed
occupations (9%) and 1% of farmers reported that grey crowned cranes are used as food.
Nearly all (97%) of the 292 villagers responded to the question expressed that it was
important for grey crowned cranes to have a safe place to live (Table 3.12). Overall,
villagers believed that cranes “have a right to live” (27%) and “need protection” (25%),
and “help with tourism” and “are attractive/colorful” (15%). Less than 1% stated that
cranes “are destructive to crops”.

Discussion
Considering 63 % of people in Tanzania practice farming or employed in the
agriculture industry (The United Republic of Tanzania 2014a), it is not surprising that
more farmers reported seeing more cranes in agricultural fields. Similarly, livestock
keepers also frequently reported seeing cranes because both cattle and cranes utilize
grasslands.
Surprisingly, the majority of farmers (91%) reported that grey crowned cranes did
not cause crop damage. In the regions where my study was conducted, Leader-Williams
and Tibanyenda (1996) reported that various other bird species caused heavy crop damage,
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especially Quelea quelea, finches and love birds. Between 1954 to 1990, these birds were
caught and exported in attempts to control pest birds, and grey crowned cranes were also
captured as crop pests.
In my study, 6% of the farmers reported that grey crowned cranes did cause
damage to their crops, and much of the crop damage that was reported occurred in a
mixture of crops, such as maize, beans, bananas and tomatoes rather than those who grew
rice. Similarly, in Uganda, cranes caused damage to a variety of crops including beans,
maize, sweet potatoes, millet, peas, rice, groundnuts, cabbage, sorghum and cassava
(Olupot and Plumtre 2006). However, overall conflicts between grey crowned cranes and
farmers in Uganda were insignificant and crop damage was not considered a threat to
cranes (Olupot 2014, Olupot 2016). In contrast, grey crowned cranes were reported to
cause significant damage to maize in Zimbabwe and South Africa (Fakarayi et al 2018,
van Nierkek 2011).
In our study areas, nearly 80% of the farmers grew rice; yet, only 1% reported
damage by grey crowned cranes. Katondo (1996) reported on crop damage by grey
crowned cranes in the lower Moshi rice irrigation scheme in Tanzania in 1992. Stomach
content analysis of the two cranes taken from this area showed that the birds fed mostly on
rice (Katondo 1996). Further, he reported that cranes were causing damage to sown rice
seeds in nurseries. However, he reported that fewer cranes (20%) were observed feeding in
cultivated rice fields than in uncultivated fields (70%) (Katondo, 1996). In Kenya,
Muntunga and Mitau (n.d) interviewed local residents with 66% of respondents reporting
cranes feeding mostly on frogs, while 23% said cranes fed on rice and 16% indicated
cranes fed on invertebrates and other grains. Farmers in Kenya were more worried about
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cranes trampling rice seedlings rather than consuming the saplings (Mutunga and Mitau,
N.D). In addition to crop type, it appears that crop damage by grey crowned cranes in
our study may be related to farm size. Most farmers (82% ) who grew rice owned small
farms (<5 acres), while majority of the farmers (48%) who grew maize owned large
farms (5-24 acres).
A study by Gemeda et al. ( 2016) on black crowned cranes, a species closely
related to grey crowned cranes, reported that black crowned cranes were also not a pest to
crops. However, Gemeda et al. (2016) did report that black crowned cranes caused
damage to maize. In South Africa, blue cranes (Grus paradiseus) are considered a serious
pest to sweet lupin (van Velden 2016).
Overall, people in my study displayed positive attitudes towards grey crowned
cranes across all occupations and in the way they interacted with the cranes. They
viewed cranes positively, probably because they did not consider cranes a crop pest
species. Many human dimension studies indicated that a species is more likely to receive
conservation attention by local people when the species is perceived positively. Lessard
et al. ( 2018) reported that participants with positive attitude and greater knowledge of
whooping cranes in America were more likely to support a theoretical crane conservation
fund. It is common for people to show less support for wildlife conservation when they
have had negative interactions with wildlife (Hariohay et al. 2018, Van Velden 2016,
Kretser et al. 2018), and these people preferred smaller wildlife populations (Heincin et al
2018). In Uganda, grey crowned cranes were more likely to breed in areas where local
residents have had positive attitudes towards the species (Olupot and Plumtre 2006).
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Crane Trade
I found little evidence of illegal trade in grey crowned cranes with 94% of
participants reporting they had never seen anyone catching cranes or collecting chicks or
eggs. Although relatively few in number, 18 of the 19 reports of illegal crane trade in my
study occurred in the Mbarali District of the Mbeya region. Local people as opposed to
foreigners/tourists were reported mostly to engage in catching and buying the cranes.
Eight individuals indicated that cranes were going to witchdoctors, mainly as
aphrodisiacs. The head of cranes was highest in demand for use in traditional medicine
with one specimen reportedly selling for US $120. During my surveys, people seemed
uncomfortable to disclose trade information for fear of being jailed. Bitanyi et al. ( 2012)
also observed the fear by participants to discuss illegal hunting practices in Tanzania.
Yet, in my study, a few community members assumed we were crane traders and offered
to catch cranes in exchange for money.
While the number of reports of crane trade were relatively few in my study, it
indicates that trade was still occurring two years after CITES had suspended trade in grey
crowned cranes in Tanzania. This reinforces the critical need to better educate local
people about the prohibitions against crane trade and the protected status of cranes. All
participants in my study were not aware of the moratorium on grey crowned crane trade.
Similarly, Bitanyi et al. (2018) also reported that people in Tanzanian communities are
not aware of the hunting laws, which underscores the need for better community
education.
Very few participants (3%) in my study placed any value on grey crown cranes.
Yet, Stokke et al. (2019) reported that grey crowned cranes are sought after in Tanzania
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for food, traditional medicine, and in traditional dances due to their beauty and colorful
feathers. In western Kenya, grey crowned cranes were hunted for food, causing a 15%
decline in the population (Gichuki 1993). Based on Stokke et al. (2019) study, grey
crowned cranes and other birds in Tanzania, ranked 13 as top preferred species for food.
Use of birds in traditional medicine, ranked second after use for food. Overall, local
residents in my study had positive attitudes about cranes and the availability of places for
cranes to live. These positive perceptions about cranes in my study area communities
suggests that additional community education about crane conservation would be well
received.
Conclusion
Although crop depredation by grey crowned cranes appears to be low, it is
important to work with local communities to mitigate these potential conflicts for this
endangered species. Retaliatory killing of cranes by farmers would continue to exacerbate
already declining crane populations in Tanzania. This underscores the need to conduct
further studies on the foraging ecology and extent of crop depredation of cranes. Austin
and Sundar (2018) identified several potential methods to reduce crop damage by cranes,
including physical barriers (fences), chemical seed treatment, audible and visual
deterrents (noise making devices, scare crows), farming practices (e.g., direct harvest
rather than windrowing), compensation for crop damage and development of
conservation programs aiming at benefiting both farmers and cranes. Fakarayi et al.
(2018) reported on the effectiveness of several methods for grey crowned cranes,
including scarecrows. I also encourage that crane conservation education programs be
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developed and delivered to local communities, and that the effectiveness of these
programs be assessed.
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Figure 3.1. Distribution of villages (black dots) within districts and regions (light
gray in inset) of Tanzania where crane-related surveys were conducted during.
February-December 2015 (Table 3.1).
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Table 3.1 Regions, districts, and villages of Tanzania where crane-related surveys were conducted during February-December 2015.
Region
Kilimanjaro (187)a

District

Village
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Same (55)
Kadando (18), Gonja (15), Ndungu/ Kalimawe (22)
Mwanga (63)
Jipe (20), Handeni (23), Kagongo (20)
Rombo (20)
Kifyonga (6), Chala (14)
Moshi (22)
Msitu wa Tembo (8), TPC sugar plantation (14)
Siha (27)
Magadini (18), Kimolo (9)
Arusha (215)
Longido (47)
Galai (5), Ketumbeine (15), Sinya (16), Irmolog (5), Endepesi (6)
Monduli (57)
Engurtoto (4), Magadini (12), Esilalei (8), Selela (8), Barabarani (17), Arkatan (8)
Karatu (37)
Baray (7), Dumbechand (7), Qangdend (12), Kambi ya Simba (11)
Ngorongoro (33) Loliondo (13), Sakala (15), Wasso (5)
Arumeru (41)
Momela village (12), Lendoiya (10), Orkungwado (19)
Singida (50)
Iramba (50)
Doromoni (12), Tulya/Imelya (17), Kiomboi (9), Shauritanga (12)
Mbeya (118)
Mbarali (118)
Namba kumi (27), Mapogoro (31), Liangaduba (29), Kapunga (31)
___________________________________________________________________________________________________________
a
Number of interviews in each region, district, or village.

Table 3.2. Age distribution of respondents by gender to crane-related surveys in Tanzania
conducted during February-December 2015.
______________________________________________________________
Female
Male
---------------------------------------Age group (yrs.)
No.
Percent
No.
Percent
______________________________________________________________
<20

38

15

24

8

20-40

114

45

135

43

41-60

94

37

138

44

>60

7
3
20
6
--------All
253
317
______________________________________________________________
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Table 3.3. Responses of Tanzanian villagers by gender if they had observed grey crowned
cranes.
______________________________________________________________
No. of
Gender

respondents

Female

253

Reported seeing a crane
---------------------------No.
Percent
128

Male

51

317
190
60
------------Grand total
570
318
56
______________________________________________________________
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Table 3.4. Responses of Tanzanian villagers by occupation if they had observed grey crowned
cranes.
______________________________________________________________
No. of

Reported seeing a crane
-----------------------------Major occupation
respondents
No.
Percent
______________________________________________________________
Farmer

288

184

64

Livestock keeper

169

75

44

Business

75

26

35

Government worker

24

20

83

Othera

14
13
93
------------Grand total
570
318
56
______________________________________________________________
a

includes fishing (n=5), traditional healing (n=1), and undescribed (n=8).
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Table 3.5 Percent of responses of Tanzanian villagers by occupations (n) if they knew of crop damage by grey crowned cranes.
__________________________________________________________________________________________________________
Farmers
-----------------------------------------------Rice
Mixed or
Caused damage to my crops
a

only (73)

other (100)

Total (173)

Livestock

Business

Government (11)

Other

__________________________________________________________________________________________________________

83

Yes

1

9

6

No

99

85

91

NA

NA

0

NA

100

Not sure
0
6
3
0
__________________________________________________________________________________________________________
a
includes fishing, traditional healing, and undescribed.

Table 3.6 Farm size and types of crops grown by respondents in crane surveys conducted during
February-December 2015 in Tanzania. Some farms grew more than one crop.
________________________________________________________________________
Percent growing crop
--------------------------------------------------------------------------Farm size (acres)
N Rice
Maize Beans Bananas Tomatoes Other
________________________________________________________________________
0 or not reported 121

99

33

6

6

0

3

<5

82

24

0

3

11

24

38

5-24

40
20
48
10
8
33
28
----------------Total
199
80
33
6
6
9
12
________________________________________________________________________
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Table 3.7 Percent of responses of Tanzanian villagers by occupation (n) to questions about interacting with
grey crowned cranes.
Farmers
(164)

When I see a crane, I:

Livestock
(74)

Business
(26)

Government
(23)

Other a
(12)

Total
(299)

63

46

54

70

58

58

Watch/enjoy

20

32

35

26

25

25

Photograph

11

22

1

0

17

13

Chase/scare

5

0

0

4

0

3

Trap it/keep it

1

0

0

0

0

<1

85

Do nothing

a

includes fishing, traditional healing, and undescribed.

Table 3.8. Percent of Tanzanian villagers by occupation (n) reporting on what other people in the community do when they see a
crane.
__________________________________________________________________________________________________________
Farmers

Livestock

Business

Government

Other a

Total

When other people see a crane, they:
(179)
(74)
(26)
(21)
(12)
(311)
__________________________________________________________________________________________________________
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Do nothing

41

58

58

65

33

48

Chase/scare

2

0

0

0

0

1

Trap it/kill it

9

0

0

5

8

6

Do not know

48

42

42

30

58

45

__________________________________________________________________________________________________________
a

includes fishing, traditional healing, and undescribed.

Table 3.9. Percent of Tanzanian villagers by occupation (n) reporting if they have seen other people in the community catching or
collecting cranes.
__________________________________________________________________________________________________________
I have seen other people catch

Farmers

Livestock

Business

Government

Other a

Total

or collect crane or eggs
(177)
(73)
(26)
(20)
(12)
(318)
__________________________________________________________________________________________________________
Yes

10

0

0

0

8

6

No
90
100
100
100
92
94
__________________________________________________________________________________________________________
a

includes fishing, traditional healing, and undescribed.
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Table 3.10. Number of reports of Tanzanian villagers (n = 318) in response to questions about crane trade.
_______________________________________________________________________
Locals
Locals/Foreigners
Foreigners/tourists
_______________________________________________________________________
People who catch cranes

17

1

2

1
2
People who buy
15a
_______________________________________________________________________
a

includes 8 reports of cranes going to witchdoctors for traditional medicine, 1 used locally, and 1 going to Europe.
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Table 3.11. Percent of Tanzanian villagers by occupation (n) reporting on how other people in the community value cranes.
__________________________________________________________________________________________________________
Other people’s use of cranes
Farmers (134) Livestock (56) Business (22) Government (13) Other a (11) Total (236)
__________________________________________________________________________________________________________
Traditional medicine
Food
Feathers

6

0

0

0

0

3

1

0

0

0

9

1

<1

0

0

0

0

<1

89

I don’t know
92
100
100
100
91
95
__________________________________________________________________________________________________________
a

includes fishing, traditional healing, and undescribed.

Table 3.12. Percent of responses of Tanzanian villagers by occupation (n) to statements about conserving grey crowned cranes.
Some respondents gave more than one response, and some gave no reason, in support of their answer.
Farmers Livestock

Business

Government

Other

Total

( 170)

(66)

(26)

(19)

(11)

(292)

98

86

77

100

100

94

They have a right to live

29

29

24

19

4

27

They are attractive/colorful

13

11

14

23

26

15

They need to be protected

29

17

19

31

4

25

So the next generation can see them

1

0

0

8

0

1

They are not harmful to humans/crops

16

6

10

4

4

12

They help with tourism

10

26

14

15

13

15

I can use their feathers

0

0

5

0

0

<1

They are destructive of crops

1

0

0

0

0

<1

They are of no benefit to me

1

11

14

0

0

4

A safe place for cranes is important to me.
Because:

90
a

includes fishing, traditional healing, and undescribed

CHAPTER 4
GREY CROWNED-CRANE ( BALEARICA REGULORUM) ABUNDANCE AND
POPULATION DENSITY ESTIMATION IN THE NGORONGORO CRATER IN
TANZANIA

Abstract:
I studied the seasonal abundance and density of grey crowned-cranes (Balearica
regulorum) in a portion of the Ngorongoro Crater, Tanzania during 2016 by using linetransect distance sampling on an existing road network on the Crater floor. Abundance
and density estimates were modeled with and without covariates (season and group size).
The Uniform model (with cosine adjustments series of the order 1) was selected for the
detection function following the addition of covariates to the models. The models that
were selected for the detection function for wet (with transect paths similar to the dry
season survey, and with all wet season transects included) and dry seasons when
covariates were excluded in the modeling process included the Half-normal (without key
expansions) and the Uniform (with polynomial adjustments series of the order 1). Models
that included covariates were not selected as best models based on their AIC values.
However, for these models the Hazard rate - season + group size, and Hazard-rate +
season were considered plausible, based on delta AIC values, and may explain some
covariate influence on density estimates. The Uniform model with cosine adjustment
series of the order term 1, but with no covariates, was chosen as the best model. The
goodness of fit for the standard Cramer-von Misses test was lower than (P > 0.5032) the
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Uniform model with cosine adjustment series of the order term 1, and higher in model
Hazard rate - season + group size, P > 0.86) and Hazard-rate + season (P > 0.88).
Regardless of whether or not covariates were included in the models, the density
and abundance estimates of cranes were higher in the dry than the wet season. Based on
the best models with covariates factored in, density and abundance estimate in the dry
season were higher (20.19 cranes/km2, 430 cranes) than in the wet season (2.36
cranes/km2, 60 cranes). Considering plausible models with covariates, the dry season
estimates also were higher (29.54 cranes/km2, 629 cranes) for the Hazard-rate season +
group size and in the Hazard-rate season (27.38 cranes/km2, 583 cranes) models than in
the wet season (2.21 cranes/km2, 56 cranes). When season was modeled separately, the
abundance and density estimate for the best model in the dry season was also higher
(19.74 cranes/km2 and 362 cranes) than in the wet season (sampling equal to dry season,
2.27 cranes/km2, 70 cranes; total sample, 2.06 cranes/km2 and 109 cranes). Crane
numbers in the entire Crater might be higher than what was estimated in the sampled
area. However, the majority of the cranes in the Crater would still be concentrated in
areas that were sampled since ideal habitats for the species are found in the sampled
region. Overall, crane group sizes are expected to be 3.6 (95% CI = 1.7-7.8) times higher
in the dry than the wet season, while holding other variables constant. Covariates season
and crane group size may explain the variability in crowned crane abundance and density
in the crater.
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Introduction
Grey Crowned Crane Population
The global population of grey-crowned cranes is estimated to have declined from
over 100,000 individuals in 1985 to 50,000-64,000 individuals by 2004 (Beilfuss et al.
2007) and 17,700-22,300 by 2016 (BirdLife International 2016). The major threats to
crane survival include habitat loss and illegal trade, and more recently, poisoning has
become important (Shanungu 2015). Beilfuss et al. (2007) reported a decline of cranes of
about 30-40% in Kenya between 1994 and 2004, a serious decline considering Uganda
and Kenya are thought to hold upwards of 70% of the species’ entire population. As
recently as 1990, the International Union for Conservation of Nature (IUCN) classified
the grey-crowned crane as a species of Least Concern but as of 2010 the species was
listed on Appendix II of CITES (Convention on International Trade of Endangered
Species 2012), and by 2012 the IUCN classified the grey-crowned crane as Endangered
(Birdlife International, 2013).
Little has been published on the population of cranes in Tanzania. The Tanzania
Bird Atlas Project (Baker and Baker 2016) indicates only location records of cranes and
not how many cranes were sighted. There were 1,681 records of grey-crowned cranes
from 1921 to 2013, but only 13% of these observations occurred during 2008-2013.
Beilfuss et al. (2007) estimated cranes number in the 1,000’s from during the years 1985,
1994 and 2004, and Morrison (2015) estimated 600-1,000; however, these estimates seem
to be educated guesses as there is no documentation of the methods used to come up with
numbers.
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In the Ngorongoro Crater of Tanzania, one of two crane conservation areas in
Tanzania (Morrison 2015), the most recent information on crane abundance comes from
Masao et al. (2015) who described cranes to have increased in the Crater by 12% during
the period of 1988-2012 based on report data from the Ngorongoro Conservation Area
(NCA). Numbers indicating their increase were, however, unclear and no information on
seasonal population fluctuations was reported. Anecdotal reports of crane numbers in the
Crater are limited. Bartlet (1961) reported spotted about 100 or more cranes in one
location near the swamp while filming wild game in January 1957. Frame (1983) counted
an average of 874 cranes and, 85 groups observed, in the Crater from 1972 to 1974
(Frame 1983); cranes were spotted alone, in pairs (or 1 adult and 1 chick), as known and
probable parents with offspring (all groups of 3, 4 or 5) and in flocks of 6 to 124. Other
published observations of cranes in the Crater came from Zaba and Gaidzik (2011), and
K.T. Haataja (unpublished report) counted a minimum number of cranes in the southern
part of the Crater in June 1996 while on a birding safari.
The Ngorongoro Crater is a core distribution area for grey-crowned cranes
(Morrison 2015) and has been reported by tour operators, rangers and ecologists as the
only place in northern Tanzania where cranes can be viewed easily and seek refuge
mostly during the dry season. The main objective of this study was to determine the
seasonal abundance and estimate density estimates of grey-crowned cranes in the
Ngorongoro Crater. Results of this research are essential for better understanding the
current population of grey-crowned cranes, as well as provide a baseline from which
future crane population trends can be compared.
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Materials and Methods

Study area
This research was conducted in the Ngorongoro Conservation Area (NCA;
35°30'E; 3°15'S, Elondou et al. 2012), listed according to UNESCO (2018) as a cultural
and natural site of importance. Specifically, the research took place in Ngorongoro Crater
(NC), which is part of the NCA (Figure 4.1) and is considered to be the core wildlife
conservation zone of the entire NCA due to its high densities and diversity of wildlife
(Boshe 1997). The NCA covers about 8,292 km2 (The Government of Tanzania, 2010,
Zeppel 2006). The Crater (300 km2) and Crater floor (260 km2; Packer et al. 1991,
Runyoro et al. 1995) are known to be the world's largest unbroken, unflooded and
inactive caldera (Mascarenhas, 1983). The Crater, from rim to floor, has a change in
elevation of about 610 m (Ngorongoro Conservation Area Authority, unpublished data).
The NCA was founded in 1959 as a multiple land use area to safeguard the
interests of the indigenous people, as well as to promote environmental conservation and
tourism (The Government of Tanzania, 2010). The principle land uses in the NCA, are
the conservation of natural resources; extensive livestock keeping and the associated
social, economic activities of the Maasai; tourism and research (Perkin 1997),
The Crater has a variety of habitats, including forests (Packer et al. 1991)
swamps, seasonal streams and rivers, and soda lakes (Zaba and Gaidziki 2011), with the
most dominant habitat type being the grassland savanna (Packer et al. 2011). The inside
of the caldera has an average temperature of 2◦C to 35◦C (Zaba and Gaidziki 2011) and a
constant water supply throughout the year as a result of seasonal rainfall and permanent
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streams (Kissui and Packer 2004). Two rainfall periods occur in the area; a short period
of rains (between November and December) and a prolonged period (usually heavy rains
between March and May) (Oates and Rees 2012). The amount of precipitation received in
the caldera is half the amount received on the crater rim, which ranges by location from
400-600mm (Zaba and Gaidziki 2011). Additionally, the outer eastern slopes of the
Crater are wetter (800–1,200 mm/year) than the western slopes (400-600 mm/year; Estes
et al. 2006).
According to Herlocker (1972), the vegetation of the crater floor comprises of
semi-arid savanna containing grasses, notably Chloris spp., Themeda spp., Cynodon spp.,
Digitaria spp, and Sporobolus spp. Also, the Crater floor comprises of scattered bushes
and trees which include the Ngoitokitok and Lerai ground-water forests respectively,
mostly dominated by the yellow-barked fever tree (Acacia xanthophloea; Oates and Rees
2012). Other wetlands habitats in the Crater include Manduusi and Gorigor swamps
(Oates and Rees 2012).
The NCA is famous worldwide due to its abundant and diversity of wildlife (The
Governmenta of Tanzania 2010). At only 15 km across, the Crater has the highest density
of resident game anywhere in Africa (Packer and Pusey 1987), with over 25,000 ungulates

(Estes et al. 2006). The most common large mammal species in the Crater include zebras
(Equus quagga), wildebeest (Connochaetes taurinus), Thomson gazelles (Gazella
thomsonii), buffalos (Syncerus caffer), elephants (Loxodonta africana), lions (Panthera
leo), cheetahs (Acnonyx jubatus), spoted hyaenas (Crocuta crocuta), striped hyaena
(Hyaena hyaena),warthog (Phacochoerus aetihipicus), black-backed jackal (Canis
adustus), and side striped jackal (Canis aureus). Typical large bird species in the area, in
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addition to grey crowned-cranes, include kori bustards (Ardeotis kori), secretary birds
(Sagittarius serpentarius), lesser flamingos (Phoenicopteras minor), greater flamingos
(Phoenicopteras rubber). Other species of birds present in Ngorongoro have been
described in detail in Kennedy (2014).
The history of the people settling in the conservation area dates back for millions
of years. The people who first settled in the Crater were known as the “stone bowl
people” whose primary economic activity was livestock keeping. The presence of this
group in the Crater some 10,000 years ago can be evidenced by the remains of their
graves and artifacts (The Government of Tanzania, 2010). The Maasai people who
presently occupy the other parts of NCA arrived in the 1700s. Some Maasai came to
NCA after being evicted from what is presently known as Tarangire and Serengeti
National Parks (Mascarenhas, 1983). Although there are currently no people living in the
Crater, the main economic activity for the people living elsewhere in NCA today is
livestock keeping. Other smaller tribes that occupy the NCA are the Barbaig (W.
Olenasha, PINGOS Forum, unpublished report), Dorobo (W.P.O. Olenasha, PINGOS
Forum, unpublished report), Datoga (Bellini 2008) and Hadza (Bellini 2008, W.
Olenasha, PINGOS Forum, unpublished report). By 2002 it was estimated that nearly
60,000 people occupied NCA (The Government of Tanzania, 2010).
Distance Sampling protocol
I used distance sampling to collect data that was used in estimating crane
abundance and density in Ngorongoro Crater. Distance sampling is a plotless method for
determining the abundance of biological populations (Buckland et al. 1993). Line
transects and point counts are the two primary methods of distance sampling (Buckland
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et al. 2001). Although many types of research on bird studies have used point-count
methods (Volpato et al., 2009) in estimating abundance of bird communities, for this
study I employed the technique of line transects which were road networks in the Crater.
Use of road networks was chosen due to practical limit in resources (manpower and
time). The line transect method involved driving along the roads and counting all the
cranes within 2 km of the roads. I chose this method because grey crowned-cranes in the
Crater do not always appear in flocks (personal observations, unpublished), but
sometimes appear as individuals or in pairs, as well as flocks (Frame 1983). Thus, the
grouping pattern of cranes in the Crater renders the point count method unnecessary.
Secondly, I chose line analysis since the roads provide a good representation of the
habitat types found in the Crater because all roads pass either through the different
habitats’ types or close to some habitat features. Lastly, the Crater is mostly dominated
by open grasslands, which allows the sighting of individuals from considerable distances.
Aerial methods would be another ideal method, but due to budgetary constraints, this
method was not feasible.
The line transect surveys were conducted four times in the dry season and six
times in the wet season during April 2016 and August 2016, respectively. Some days had
fewer transects completed than others as a result of limited time and resources. A survey
lasted for four hours. Dry season surveys occurred from the morning from 6:30 am to
10:30 am while wet season time of the day sampling was variable but not lasting more
than 4 hours. Counting birds for not more than 4 hours helped to minimize double
counting of the birds, had the birds moved from one location to the other. I observed
crowned cranes along a 2-km continuous transect portion by driving along the roads. The
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wet and dry seasons were surveyed along similar paths (Figures 4.2, 4.3, 4.4) and but
exact same transect segments were not identical in each season because of differences in
the starting points of transects for the wet and dry seasons. The number of transects also
differed for each season, as access to roads varied. When I observed a crane/s, I slowly
stopped the vehicle and recorded the perpendicular distance from an observer to crane/s
using a rangefinder. Also, I recorded the number of cranes and general habitat types that
were in each transect.
Distance sampling assumptions
I collected data by considering the critical assumptions of distance sampling.
According to Buckland et al. (2001), to correctly apply distance sampling, some
assumptions need to be followed. One of the assumptions is that animals closer to the
transect line should be detected with certainty, where g (0) = 1 (Buckland et al. 2004,
Thomas et al. 2002). Density estimators are often biased when the probability of
detecting the animals close to the transect line is less than 1 (Buckland et al. 2004) as was
evident in our data (Figure 4.5). The probability of detection less than 1, according to
Buckland et al. (2004), is caused by various reasons including perception and availability
biases. Perception bias was described as when observers miss visible animals due to
environmental conditions, fatigue, and others. Availability was described as when
animals are missed due to being underneath water or vegetation. To account for
availability biases seasonal vegetation heights were considered, although not added in the
model since some observations lacked measurements of vegetation height. Thus,
differences in seasonal vegetation heights were determined separately.
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Another cause of few detections close to the line according to Buckland et al.
(2015) is responsive movements, where either animal can move close to the line and far
away from the line before detection and may lead to overestimations or underestimations
of density respectively. To avoid this problem, Buckland et al. (2001) suggested detecting
the birds near the line sooner before they are disturbed. Our data indicated a pattern of
responsive movements of cranes away from the transect (Figure 4.5), although observers
in the field did not directly observe this behavior. In consonance with Marques et al.
(2007) the distance sampling method is applicable if there are no observable movements
in response to the observer and the movement independent of the observer is slow
compared to observer speed. There is no single solution to tackle the problem of
responsive movement (Marques et al. 2007). However, various ways have been used by
scientists to model animal detection when the assumption of g (0) =1 is violated.
Buckland and Turnock (1992), proposed using two observation platforms. The first
platform concentrates search efforts near the observer, and the second platform scans a
broader area. The probability that an animal is detected by the first platform should be
independent of being detected by the other. Detections made from the secondary
platforms should be far ahead than those made from the primary platforms. Further
details on using this method are well explained in Buckland and Turncock (1992). This
method was not implemented in the study since it would have required more resources
such as observers and platforms on each sampled path.
Other methods have been used by researchers to compensate for evasive animal
movement bias. These methods include enlarging the first bin and left-truncating the
data. Strindberg et al. (2011) used a left truncation of distance to account for missed
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animals close to a line. Use of left truncation and enlarging the first distance interval were
described by McShea et al. (2011) and Heydon et al. (2000) as a way to compensate for
such bias. Ruette and Albaret (2003) also used these methods for data with few
detections close to the line. The use of data with first bin enlarged may cause an
underestimation of density, as was described by (Heydon et al 2000) if animals avoided
the road or were missed. In this situation, it is better to left-truncate the data by excluding
roadside sightings by either performing a full truncation or arbitrary left-truncation (left
truncation and rescaling the data) so that the truncation point becomes the 0-m
perpendicular distance ( Buckland et al. 2001, Heydon et a.l 2000 ).
As reported by Buckland et al. (2001), left-truncation may be used to alleviate the
problems with data because of responsive movement to or away from the line. However,
reasons for left-truncation should be understood before pursuing a left-truncation
(Buckland et al. 2001). Due to responsive movement patterns that were indicated in our
data, the reason to left-truncate was that other animals in the Crater have adapted to
keeping a distance away from the roads (based on studies by Nyahongo et al. 2007).
These are caused by an influx of tourist cars that frequent the Crater. We also know via
direct observations that our vehicle did not cause evasive movements from the line, due
to evidence that no cranes were observed to flee once our vehicle approached. The
evidence of responsive movement was more pronounced in the dry season than the wet
season (Figure 4.5).
In this study, we employed the method of left-truncation and rescaling data. Lefttruncation may yield estimates of density that are more representative of the survey

101

region if transects were conducted along paths (Buckland et al. 2001); in this case my
transects were conducted along paths which are road networks in the Crater.
The left-truncation distance was w = 50 m for both wet (equal to dry) and wet
(total) and right-truncated at 5% with wet ( equal dry truncated at w = 322 m and wet
total truncated at w = 350 m). The dry season left-truncation was 75 m and righttruncated at 85 m (w = 250 m).
The method of arbitrary left-truncation of the data as described in Buckland et al.
(2001) was applied, where for example, data of 50m or less was discarded for the wet
season data, before fitting any detection function. The remainder of the data was rescaled
as if the third interval was the first interval. While the arbitrary method of left truncation
may lead to underestimation of density estimates, using full left-truncation is considered
imprecise and may lead to overestimation of density (Buckland et al. 2001). Thus, for
this reason, we avoided fitting a detection function to full left-truncated data. As
described by Ward et al. (2004), left-truncation was necessary to prevent the model from
being constrained by a few numbers of crane spotted close or on the transect line.
Another assumption of distance sampling according to Buckland et al. (2001) is
that transects are randomly placed in respect to species distribution. Our road transects
did not follow a random placement as described by Buckland et al. (2001) and Buckland
et al. (2008) but rather followed the road networks existing in the Crater. Available
resources and logistical constraints prevented random placements of the transects in the
Crater. Some roads in the Crater crossed critical habitats, such as grassland, most
dominant habitat type in the Crater. However, roads did not cross through the swamps,
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which are highly critical to crowned cranes; rather, roads were positioned adjacent to
these habitats and might introduce potential biases in density estimations.
Distance sampling assumes that all birds near the transects are detected with
certainty. To meet the assumption that distance should be measured accurately according
to Buckland et al. (2001), a range finder was used to measure distances from an observer
to a group of animals.
Data Analysis
All analyses were done using the software R version 3.5.1 (R Development Core
Team, 2018), except for the zero-truncated negative binomial, which was performed in
STATA (StataCorp, 2017). Prior to estimating the population density of crowned cranes,
data across all the transects were pooled together for each season in order to account for
covariate season and cluster size. The pooling of data helps to tackle the problem of
uneven distribution of objectives across the transects surveyed, as was described by
Fewster (2005). A similar approach was implemented by Morelle et al. (2012) and Ruette
et al. (2003). As described by Fewster (2005) that the correct estimation of abundance
requires a reliable sample size. Buckland et al. (2001) and Burnham et al. (1980)
proposed an authentic sample size of 60 – 80 and at least 40. Fasham and Mustoe (2015),
suggested about 60 encounters to achieve a sufficient population density estimate. It was
necessary for my data to be pooled across all transects to achieve the dependability in
sample size.
Estimation of population density and abundance of crowned cranes in the Crater
was completed using the R DISTANCE package by Miller et al. (2016). Following Miller
et al. (2016), the abundance of cranes was estimated using the following.
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Where:
N̂c: is the abundance estimate in a covered region.
Estimates of the probability.
Observed cluster sizes.
Abundance estimates were done separately for each season (dry and wet). Data
from the dry and wet seasons were combined to understand whether season and cluster
size had any influence on crane abundance and density. The animals observed appeared
in a cluster, not as individuals. The focus was only to estimate animals that appeared
within the covered region and not to extrapolate to the whole study area of Ngorongoro
Crater, because there are some habitats in which the roads did not cut through, and thus,
these regions were not sampled.
Three surveys types were used to model the crane population. These included dry
season (Figure 4.2), wet season (equivalent to dry in terms of the path taken, Figure 4.3)
and wet season (total – included wet season equivalent to dry plus the additional paths
that were not surveyed (Figure 4.4) during the dry season.
Data Exploration
I conducted an exploration of the data to gauge whether the distance assumptions
held. This process is important to understand the data and identify problems (Thomas et
al. 2010). Histogram of distance distribution was inspected, and right truncation was
performed as formerly described. Buckland et al. (2001) recommends a right truncation
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distance of between 5 – 15 %. For line transects, around 5% truncation is recommended
since data far away from the line contributes little to abundance estimates Buckland et al.
(2001). My data were truncated within the recommended range.
Detection functions and expansion series
Before estimating crane abundance, I used the estimated perpendicular distances
to model the detection function which provided the probability of detecting the cranes as
a function of distance and other covariates (dry and wet seasons, and cluster/group size).
I used the key functions with and without expansion series. Key functions with expansion
series to improve the model fit (Buckland et al. 1993) were also used. The fitted key
functions included the half-normal (hn), hazard-rate (hr) and uniform (uni) key functions.
The adjustment keys that were used included the cosine (cos) for all the three key
functions, simple polynomial for uniform and hazard-rate key functions and Hermitepolynomial adjustment series for half-normal key function. The function ds in R distance
package by Miller et al. (2016), which fits the detection functions and calculates
abundance and density estimates considering survey data is provided was used.
According to (Buckland 2001), detection functions are modeled using the following
general formula:
g (y) = key(y) [1 + series (ys)
Where g (y) is the detection function, Key (y) is the function, series (ys) – is the
series adjustments (or expansion terms or series expansions), y is the distance and ys is
the scaled distance y /w, where w is the truncation distance. The functions of the keys
used are as follows:

105

Keys

1/w

Uniform

1 – exp (- (y / σ)-b)

Hazard-rate

exp (-y2 /2σ2)

Half-normal

where y is the distance, w is the truncation distance and σ, and b are model
parameters.

Density and abundance estimations
Because transects paths were sampled for more than one time, abundance and
density estimates were overestimated. To correct this, crane abundance was estimated by
first multiplying the estimated number of clusters from the models by the mean area of
clusters. Then I divided the number of cranes by the total number of transects to obtain
the number of cranes/transect. The number of cranes/transects was divided by the mean
transect area (calculated by multiply the maximum perpendicular distance x 2 x transect
length), to get the number of cranes/transect area. Crane number was then calculated by
multiplying the number of cranes/transect by the total area covered by the survey (this
area was calculated in ArcGIS 10.5, by first buffering the paths where the transects were
surveyed with the maximum perpendicular distance, then calculating the total area of the
buffered path).

Results
About 40, 47, and 75 cranes transects were surveyed during the dry, wet
(equivalent to dry), and wet (total) seasons, respectively (Table 4.1). Total transect length
for wet season (equal dry) was 52 km, the dry season was 43 km, and the wet total was
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79 km. The descriptive statistics revealed that the dry season had more crane
observations, with about 106 observations vs. 52 observations in the wet season
(equivalent to dry); the wet season (total) had 68 crane observations. The mean group
sizes of cranes during the dry season was higher than in the wet season (equivalent to
dry) and wet season (total) (Means = 5.22, 1.77, and 2.15 respectively). The dry season
had a maximum group size of 61, vs. 5 for wet (equal to dry) and 15 for wet total (Figure
4.6).
Seasonal variation in crane group sizes and distance from the transect line
Generalized linear models with Poisson and negative binomial errors were used to
determine the relationship between season and crane group sizes, as well as whether
crane group sizes were larger or small at more substantial or smaller distances from the
transect line, and whether the distances differed by season. Data used in this analysis was
the original data without left truncation, since this was not being used in fitting a
detection function. The software R version 3.5.1 (R Development Core Team, 2018) was
used for the model setting, with 5% significance level. While data were collected at
transect level where some transects had zero counts of cranes, the aim here was only to
use crane group size greater than 1. Crane group size was the response variable while
season (dry and wet) and distance from the observer to crane were the explanatory
variables.
To test whether there was a need to estimate overdispersion, we fitted a zerotruncated Poisson (ZTPR) and a zero-truncated negative binomial (ZTNBM) models and
compared the two. This was achieved by using the Vector Generalized Linear Models
(VGLM) function in R in the Vector Generalized Additive Models (VGAM) package.
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Results of the chi-square p-values (p<1.670291e-69), revealed that the ZTNBM was a
better fit than the ZTPR. Thus, the ZTNBM was chosen in the modeling process.
According to Zuur et al. (2009), the ZTNBM allows for a more flexible approach to
overdispersion.
Results indicated that the value of the coefficient for the dry season was 1.280 (CI
95% = 0.512-2.048), implying that the log count of crane group sizes was 1.28 more in
the dry season than the wet season. Exponentiating the log count, the incident Rate Ratio
(IRR) comparing dry to the wet season, given that the other variables are held constant,
was 3.598 (CI 95% = 1.669-7.756). The dry season compared to the wet season while the
other variables are held constant in the model are expected to have a rate of 3.59 times
higher for crane group sizes. From results (Figure 4.7) crane group sizes were predicted
to be higher in the dry season than the wet season. Larger group sizes were observed at
within distance category 3 (301 – 400 m) and cranes avoided areas closer to the roads in
both seasons (Figure 4.7).

Accounting for visibility in the wet and dry season
The ability to spot cranes was assessed by comparing the difference in vegetation
heights during the wet and dry seasons. Data used in this analysis was the original data
without left truncation since the aim was not to fit a detection function. I assumed that an
observer would more easily spot the cranes when the grass is short than when tall. The
null hypothesis was that there is no difference in seasonal grass height distribution in the
Crater. The dependent variable was grass height measured in cm, and the explanatory
variable was the season (dry or wet). The dependent variable was subjected to normality

108

and equal variance tests. Normality test using the Shapiro-Wilk tests revealed that that the
errors were not normally distributed, p < 0.002508 (wet season) and p< 3.458e-07 (dry
season). The F test to compare variances revealed no differences in the variances of the
two groups (F (87, 71) = 1.0574, p = 0.8117), hence meeting the assumption of a t-test.
Due to non-normality distribution of errors, a Mann-Whitney test was used rather than a
t-test to determine the seasonal difference in median grass heights. The shape of the
distributions of the dependent variable by group were similar (Figure 4.8), thus making
the Mann-Whitney test appropriate for the data set. A Mann-Whitney test showed that
there was a significant difference in median grass height distribution (W= 2415.5,
p<0.0098) between the wet season and compared to the dry season. Grass height was
significantly taller during the wet season (median =30 cm) than the dry season (median =
17cm).
Model goodness of fit and model selection
To assess how well the detection functions fit the data for ungrouped data, I used
the Q-Q plot (quantile-quantile plot), following Buckland et al. 2004. This method,
according to Buckland et al. (2004), works well with ungrouped data, as was the case of
the data that was used for these analyses. With Q – Q plots, the fitted cumulative
distribution function (CDF) at each observation is evaluated under the assumed model,
and the resulting values are ordered from the smallest (Buckland et al. 2004). Because of
subjectivity in determining model fit from Q-Q plots, model adequacy was tested with
Cramer-von Mises tests following Miller et al. (2016). Based on Buckland et al. (2004),
this test has more power than Kolmolgorov-Sminov test and can detect deviations from
the fitted functions near zero and is more robust to departures at a larger distance were
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observations have little effect on zero distances. According to Miller et al. (2016),
significant results from this test would provide evidence against the null hypothesis that
the model does not fit the data implying that the data resulted from the fitted model.
Following Miller et al. (2016), significant models were considered implausible and thus,
were discarded. Having chosen a set of plausible models, the Akaike Information
Criterion (AIC) was used to select between models. The model with the smallest AIC
value was considered better. Based on Buckland et al. (1993), AIC finds models with the
fewest parameters that fit the data well.
According to Buckland et al. (2001), AIC values cannot be used to compare
between models with different truncation, w distances, or with different cut-off points for
grouped data. Thus, AIC values in these analyses were mainly used to compare among
models with similar w and cut-off points.
Covariates included in the model
Models with covariates did not turn out as best models based on their AIC values
(Table 2). However, due to their delta AIC values of < than 2, two models with covariates
(Hazard rate - season + group size, and Hazard-rate + season) were considered plausible
and may explain their influence on abundance and density estimates in the Crater.
Although not ranked as the best models, these two models with covariates generally had a
good of fit (P > 0.8621 and P > 0.8791) for the standard Cramer-von Misses test than
what was ranked as the best model (Uniform model with cosine adjustment series of the
order term 1, P > 0.5032, Figure 5.5). The Uniform with cosine adjustment series of the
order term 1 was chosen as the best model, with a delta AIC of 0.0000. The best model,

110

uniform with cosine adjustment series of the order term 1, had an average detectability of
0.5939, while the least plausible model had an average detection probability of 0.498.
Density and abundance estimate in the dry season with the best model (Uniform
with cosine adjustments terms of the order 1) were higher (20.19 cranes/km2, 430 cranes)
than in the wet season (2.36 cranes/km2, 60 cranes), which also meant that the density
was almost 9 times more in the dry than the wet season (Table 4.3). Looking at other
plausible models for the dry season, the density and abundance estimates were higher
(29.54 cranes/km2 and 629 cranes) and (27.38 cranes/km2, 583 cranes) for the hazard-rate
(season + group size) and hazard-rate (season) models, respective1y, than what was
predicted for the wet season which had lower density and abundance estimates (2.21
cranes/km2, 56 cranes) for both the hazard-rate (season + group size) and hazard – rate
(season) models (Table 4.3).
Covariates excluded in the model
Density and abundance estimates were modelled separately for the wet and dry
season, and covariates were excluded in the modeling process. Overall, all models that
were used had generally a good fit, using the standard Cramer-Von Misses goodness of
fit test (Table 4.4, Table 4.5, Table 4.6). For dry season data, the models that were
chosen for the detection function based on the minimum AIC were the uniform (with
cosine adjustments of order term 1), the half-normal (with no key adjustments, for wet
(equal dry) and uniform with cosine adjustments of order term 1 for wet total (Table 4.4 ,
Figure 4.5).
Plausible models for the dry season (modelled separately with no covariates)
included uniform (with cosine adjustments of the order 1), half normal (with no
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adjustments) and half normal (with Cosine adjustments of the order 2 and 2). Plausible
models for wet season (equal dry) comprised of half-normal (with no key adjustments),
uniform a (with polynomial adjustments of the order term 2), uniform (cosine
adjustments of the order term 1), half-normal (with cosine adjustments of the order term
2) and uniform (with polynomial adjustments of term order term 2 and 4 (Table 4.5).
Plausible models for wet total ( modelled with no covariates) encompassed the uniform
(with cosine adjustments of the order term 1), uniform ( with cosine adjustments of the
order term 1 and 2), half-normal (with no key adjustments) and half-normal with cosine
adjustments of the order term 2 (Table 4.6).
Abundance and density estimate for the best model were higher in the dry season
(19.74 cranes/km2 and 362 cranes) than in wet (equal to dry, 2.27 cranes/km2, 70 cranes)
and wet (total, 2.06 cranes/km2 and 109 cranes, Table 4.7). With a larger area surveyed in
the wet season (total), the density estimates were lower 2.06 cranes/km2 than in the wet
season (equal dry), and this may be attributed to a larger area that was sampled for wet
season (total). However, with a large area sampled during wet season (total) abundance
estimates increased by 39 more cranes compared to wet (equal dry).

Discussion
Evasive animal movements
Results indicated patterns of animal distribution away from the roads. During our
survey, this was not caused by our vehicle but rather by the fact that the birds had already
distanced themselves from the line. This distribution away from the line was more
evident in the dry than the wet season. Studies on the effects of roads on animal
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distribution in the Crater were conducted by Nyahongo et al. (2007). Results from these
studies revealed that animals in the Crater avoided areas close to the roads and that
detectability increased at more than 100m away from the road. In my study, without
grouping the distances, more cranes were detected at more than 75m in the dry season
and at more than 50m in the wet season. Thus, in the wet season the birds do not stay far
away from the roads compared to the dry season. With grouped distances at intervals of
0-100 m, 101-200 m, 201-300 m, 301-400 m and 401-500m, more cranes were predicted
to be more at 101-200 m and 201-300 m for both wet and dry seasons.
Avoidance of areas close to the road may have been caused by a high number of
tourist vehicles and not only by our vehicle. During the high peak (rain) season usually
between late June and August, the number of vehicles at one tourist event may range
between 80 – 140 and most of the times about 20 or more vehicles will line up on roads
at one tourist event (Kijazi 1997). According to Mkiramweni (2014) during the high
season, more than 300 vehicles operate at one time in the Crater. The number of vehicles
has also increased from 24,164 in 1997 to 129,968 in 2013. Congestion of vehicles in the
Crater has been associated to causing soil erosion, and death of native species and
creation of favorable environments for invasive plant species (Mkiramweni 2014) and
creation of illegal vehicle tracks (Estes et al. 2006). A lot in the Crater about the effects
of vehicle congestion has been documented on large herbivores but none on its impacts
on behavior of birds such as crowned cranes. However, in North America studies
conducted on sandhill cranes (Antigone canadensis) by Norling et al. (1992) revealed
species avoidance of areas near paved or gravel roads. Crowned cranes may have been
avoiding areas closer to the roads for possibly being vulnerable to traffic disturbances,
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traffic motion, and pollution. In the Crater, it might be important to investigate the
impact of traffic on animal population persistence.
Crane group sizes
Descriptive results indicate that more cranes in the Crater during the wet season
appeared as singles than in the dry season when cranes were seen more often in pairs and
larger groups. This study also showed that the group size of crowned cranes in the Crater
were larger in the dry than the wet season. Importantly, cranes appeared more in pairs,
overall, in both the wet and dry season. The appearance of crowned cranes as a single in
the wet season might be attributed to the fact that during the breeding season one pair
would be sitting on nest while the other is foraging.
Findings from this study match those by Frame (1961) and Zaba and Krzysztof
Gaidzik (2011) where more flocks of cranes were seen in the dry than the wet season.
Based on the information that was obtained from the Ngorongoro Conservation Area
Authority, Zaba and Gaidzik (2011) reported about 82 and 10 cranes in the dry and wet
seasons, respectively. This number may be an underestimate of cranes especially for the
dry season since results from this study indicated more than 82 cranes to occupy the
Crater presently. According to Frame ( 1983), fewer cranes of about 22-104 flocks were
spotted in the wet season, between April and May, while in the dry season between
September and October a maximum flock of 124 cranes were observed. Comparing the
results of this study and that by Frame (1983) conducted between 1965-66 and 1972 1978 the number of cranes in a group in the Crater has recently declined. The group sizes
of crowned cranes in our study in the wet season ranged from 1-5 cranes, while studies
from Frame (1983) indicated a range of 22-104 cranes. In the dry season, according to
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Frame (1983), the maximum number of cranes in the group was 124 and, in our study,
this number was low (1- 61 cranes). This implies that crowned crane flock size in the
Crater may have declined by 50% in the past 5 decades. The decline of cranes in the
Crater may have been due to factors that also caused decline of wildebeests as was
reported by Oates and Reed (2012). Wildebeest forage in very short green grass (Talbot
1964), a similar foraging ground preferred by the crowned cranes. The removal of
Maasai pastoralists from practicing traditional management of vegetation (livestock
grazing and controlled burning) in 1974, which resulted in an increase of tall grasses
(Oates and Reed 2012) less desirable vegetation type. According to Meine and Archibald
(1996) and through direct observation, crowned cranes show preference for short to
medium height open grasslands adjacent to wetlands for foraging. The prevention of the
Maasai cattle from grazing in the Crater, reduced the habitat quality for the species, hence
why there are fewer number of cranes at present. Other factors include the factors include
vegetational change as a result of the invasion of invasive species (Anderson and
Herlocker 1973, Estes et al. 2006).
Because crowned cranes are seasonal migrants from what we believe due to
observable fluctuations in their numbers seasonally in the Crater, the poor habitat
conditions outside the Crater may deteriorate their numbers. The poor conditions outside
the Crater that were directly observed during community surveys (outside protected
areas) conducted in 4 regions in Tanzania included cultivation, overgrazing, (del Hoyo et
al. 1996), and fishing.
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Density and abundance estimates
Population density and abundance estimates of crowned cranes in the Crater were
higher in the dry than the wet season. Based on personal communication with tour
operators, cranes numbers in the Crater fluctuate seasonally, which is indicative of
seasonal migration to and from the Crater, although places where the cranes migrate to
have not been established. Crowned cranes are not the only species that migrate
seasonally. Moehlman et al. (1997) reported seasonal differences in population size of
herbivore species in and out of the Crater. Forage availability and moisture are known to
be a driver to seasonal animal movements in the Crater (Boshe 1997). Throughout the
NCA, water is a limiting resource in the dry season. The only places with reliable sources
of water are the northern highland forest and the Crater (Boshe 1997). While other areas
with short grass outside the NCA remain dry in the dry season, the Crater remains
relatively wet, resulting in improved range condition due to the inflow of water from the
highlands of the Crater and presence of permanent swamps and lakes (Boshe 1997). All
species of cranes develop a gregarious behavior during the non-breeding season and
move to areas where food is abundant (Archibald and Lewis 1996). Swamps in the
Crater may play a role in attracting wildlife, especially in the dry season. Based on dry
season studies by Deocampo (2004), the swamps in the Crater promotes fresh water, and
low-pH core areas. Marshes also store surface water before flowing into other parts of the
Crater and may prevent the start of evaporative concentration that may cause salinity and
alkalinity (Deocampo 2004). Also, Deocampo (1997) revealed no evaporative effect from
Gorigor swamp (the largest swamp in the Crater). This may indicate the ability of the
swamp to maintain water even in dry conditions. These swamp attributes may be an

116

additional reason for attracting large numbers of wildlife in the Crater during the dry
season. It is important to note, according to Deocampo (2004) that the primary source of
water in the Crater is rainfall originating outside the Crater (Deocampo 2004). Thus, it is
essential to ensure that these areas are well-protected to promote the ecological integrity
of the Crater, because the seasonal movement of wildlife in the Crater vary in extent
depending on the amount of water that comes into the Crater in the wet season (Estes and
Small 1981),
The wet season’s low density and abundance may have been due to abundant
forage accessibility elsewhere outside the Crater, although areas where cranes migrate to
during the wet season have not been studied. Based on direct observations, during the
wet season, some areas outside protected areas develop seasonal swamps, pools, and
rivers, as well as abundant grasslands from where cranes can feed and breed from. Thus,
during this time, there is no need for cranes to continue utilizing the Crater due to
abundant wetlands and pasture elsewhere outside the Crater. Also, the low density
during the wet season may be due to the species avoiding intraspecific competition for
nesting sites during the breeding season. I observed a few pairs of cranes (not exceeding
10 pairs) nesting in the crater wetlands of freshwater. Frame (1983) also observed the
cranes in the Crater to have been breeding in the wet season (January-May). Elsewhere in
Africa, crowned cranes have been observed to breed in the wet season (Walkinshaw
1964).
Results also indicated that there are probably more cranes in the Crater than what
was estimated in the area that was sampled. This was evidenced by the estimates that
were done from wet (total data) and wet (equal to dry). Wet total had a slightly large area
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surveyed than wet (equal dry) and results showed that there were more cranes estimated
using data sampled from a slightly larger area. Majority of the cranes would still be
concentrated in the area that was sampled (following road networks) due to the proximity
of the roads to favorable crane habitats such as swamps and rivers. Most roads in the
Crater passed nearby rivers, streams, swamps, and the lake. In an informal survey that I
conducted in 2013 along a 3-km transect in the Crater, nearly 293 cranes were counted.
This 3-km transect passed through a diversity of wetlands composed of an alkaline lake,
streams, and swamps. In areas with little wetland diversity, a few pairs of cranes to none
were spotted. Thus, this indicates that most cranes in the Crater are most likely to be
found near wetland areas and that the presence of such wetlands would most likely
influence their distribution.
As in Ward et al. (2004), McShea et al. (2011) and Ruette and Albaret (2003),
using the left-truncated and rescaled data or enlarging the first bin to compensate for
animal movement does not give the true density being estimated because of some biases
that may have been introduced in the sampling process. Thus, due to these biases, the
actual density of crowned cranes in the Crater may not be well known. Thus, the density
estimated from left truncated data can be used for species management purposes and
monitoring trends (Stainbrook 2013).

Conclusion
To correctly estimate the density of crowned cranes in the Crater, it would be
imperative to repeat the crane density estimation with randomly placed transects, rather
than using road transects. Use of road transects may not provide reliable estimates of
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density for various reasons. Bias may have been introduced from using road transects
because of most roads, crossed critical habitats such as wetlands. Other factors that may
affect the density of birds include disturbances along the roads, presence of edge habitats,
and more challenging terrain (Buckland et al. 2008) . In cases of road effects on animal
density estimates, Marques (2007) recommended collecting data along multiple lines
perpendicular to the road. However, this may require multiple resources, and random
location of transects might be ideal instead (Marques 2007).
The assumption of evasive movement may be challenging to tackle, even though
randomly spaced transects were to be employed rather than roads. To correctly estimate
the abundance and density of cranes in the Crater, total counts would be an ideal method.
However, this method will require a significant amount of resources (vehicles and
manpower). Another approach to reducing bias from road based transects would be to
study animal distribution along roads prior to conducting road transects. In a study by
Erxleben et al (2011), road-based surveys conducted after an animal distribution study
yielded results that were generally unbiased. It is also important to note that while road
transects generate bias in estimating animal populations, this method has been successful
in censusing other large birds. In a study by Shaw et al. (2016) conducted to census
Ludwig’s bustards (Neotis ludwigii) across the Karoo in South Africa, the aerial count
results indicated similar density results to road counts.
Because we now know that cranes in the Crater are seasonal migrants, based on
this study, it would be essential to study their seasonal movements to gain a better
understanding of the areas they migrate to and the safety of such areas. This will further
facilitate protection and designation of important areas for this endangered species. The
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seasonal movements of the species may also imply their use of areas outside the
conservation area. These areas are not protected and may be exposed to illegal capture
and trade in species as well as poisoning if using farmlands. All these effects may
contribute to their population decline. Thus, it is imperative for the management of the
NCA to closely monitor the population of this endangered species and factors that may
reduce its population, both inside and outside the crater. Like most large animals in the
Crater, crowned cranes are an important species in that the species is attractive and
contributes to the tourist attractions of the NCA. Thus, its presence is important for
ecological and tourism purposes. Also, future cranes studies, should determine how
climate change will most likely affect the population of grey crowned cranes since their
survival largely depends on the wetlands for breeding.

Literature Cited
Anderson, G.D., and D.J. Herlocker. 1973. Soil factors affecting the distribution of the
vegetation types and their utilization by wild animals in Ngorongoro Crater,
Tanzania Journal of Ecology. 61: 627-651.
Archibald, G.W., and J.C. Lewis. 1996. Crane Biology. Page 1-29 in Ellis, D.H., G.F.
and C.M Mirande Editors. Cranes: Their biology, husbandry and conservation.
National Biological Service/International Crane Foundation. United States of
America.
Baker, L. and N. Baker. 2016. Tanzania Bird Atlas Project.
http://tanzaniabirdatlas.net/start.htm

120

Bartlet, D.J. 1961. Observations while viewing African game. South African Journal of
Science. 57:313-321.
Beilfuss, R.D., T, Dodman, and E.K. Urban. 2007. The status of cranes in Africa in 2005.
Ostrich. 78:1-10.
Bellini, J. 2008. Nogorongoro – Broken promise – What price our heritage? Accessed
August 4th, 2016. <http://pubs.iied.org/pdfs/12546IIED.pdf>.
BirdLife International 2016. Balearica regulorum. The IUCN Red List of Threatened
Species 2016: e.T22692046A93334893.
http://dx.doi.org/10.2305/IUCN.UK.2016-3.RLTS.T22692046A93334893.en.
Downloaded on 23 August 2019.
Boshe, A. Wildlife ecology. A summary of NCDP technical report No3. Pages 72-79 in
D.M. Thomson, editor. Multiple land-use: The experience of the Ngorongoro
Conservation Area, Tanzania. IUCN, Gland, Switzerland and Cambridge, UK.
Buckland, S.T, E.A. Rexstad., T.A. Marques., and C.S. Oedekoven. 2015. Distance
sampling: methods and application. Springer International Publishing,
Switzerland.
Buckland, S.T., S.J, Marsden., and R.E., Green. 2008. Estimating bird abundance:
Making methods work. Bird Conservation International 18: S91 – S108.
Buckland, S.T., D.R. Anderson., K.P. Burnham., D.L. Borchers., and L. Thomas. 2001.
Introduction to Distance Sampling. Oxford University Press, Oxford, UK.
Buckland, S.T., D.R. Anderson., K.P. Burnham., J.L. Laake., D.L. Borchers., and L.
Thomas .2004. Advanced distance sampling. Estimating abundance of biological
populations. Oxford University Press Inc., New York.

121

Buckland, S.T., D.R. Anderson, K.P. Burnham., and J.L. Laake. 1993. Distance
sampling: estimating abundance of biological populations. Chapman and Hall,
London.
Buckland, S.T., and B.J. Turnock. 1992. A robust line transect method. Biometrics 90:1 909.
Burnham, K.P., D.R. Anderson., and J.L. Laake. 1980. Estimation of density from line
transect sampling of biological populations. Wildlife Monographs 72:1-202.
Convention on International Trade in Endangered Flora and Fauna [CITES]. 2012.
Appendix I, II and III. Accessed 26 April 2013. <http://www.cites.org/eng/app/
appendices.php>
del Hoyo, J., A. Elliott, and J. Sargatal. 1996. Handbook of the Birds of the World, vol. 3:
Hoatzin to Auks. Lynx Edicions, Barcelona, Spain.
Deocampo, D.M. 2004. Hydrogeochemistry in the Ngorongoro Crater, Tanzania, and
implications for land use in a World Heritage Site. Applied Geochemistry 19:
755–767.
Deocampo, D.M. 1997. Modern Sedimentation and Geochemistry of Freshwater Springs:
Ngorongoro Crater, Tanzania. Thesis, Rutgers University, New Jersey, USA.
Eloundou, L., P. Taruvinga., and Oliver, R. 2012. Report on the joint whc/icomos/iucn
mission to Ngorongoro Conservation Area, Republic of Tanzania 10th -13th April
2012. Tanzania.
Estes R.D., J.L Atwood., and A.B, Estes. 2006. Downward trends in Ngorongoro Crater
ungulate populations 1986–2005: conservation concerns and the need for
ecological research. Biological Conservation 131:106–120.

122

Estes, R.D., and R. Small. 1981. The large herbivore populations of Ngorongoro Crater.
In: Proceedings of the Fourth Annual African Wildlife Symposium. Afr. J. Ecol.
19:175–185.
Erxleben, D.R., M.J. Butler., W.B. Ballard., M.C. Wallace., M.J. Peterson., N.J. Silvy.,
W.P. KuvleskyJr., D.G. Hewitt., S. J. DeMaso., J.B. Hardin., and
M. K. Dominguez-Brazil. 2011. Wild Turkey (Meleagris gallopavo) association
to roads: implications for distance sampling. European Journal of Wildlife
Research 57:57–65.
Fasham, M., and E. Mustoe. 2015. General principles and methods for species. Edited by
D. Hill., M. Fasham., G. Tucker., M. Shewry and P. Shaw in A handbook of
biodiversity methods, surveys, evaluation and monitoring. Cambridge University
Press, New York.
Fewster, R.M., J.L. Laake., and S.T. Buckland. 2005. Reader reaction. Line transect
sampling in small and large regions. Biometrics 61:856–861.
Frame, G.W. 1983. East African crane Balearica regulorum gibbericeps ecology and
behavior in northern Tanzania. Scopus 6:60-69.
Herlocker, D.J., and H.J. Dirschl. 1972. Vegetation of the Ngorongoro Conservation
Area, Tanzania. Canadian Wildlife Service Report Series Number 19. Canada.
Heydon, M.J., J.C. Reynolds., and M.J. Short. 2000. Variation in abundance of foxes (Vulpes
vulpes) between three regions of rural Britain, in relation to landscape and other
variables. Journal of Zoology, London, 251:253–264

Kennedy, A.S. 2014. Birds of the Serengeti and Ngorongoro Conservation Area.
Princeton University Press, Princeton, New Jersey, USA.

123

Kijazi, A. 1997. Principle Management issues in the Ngorongoro Conservation Area.
Pages 33-43 in D.M. Thomson, editor. Multiple land-use: The experience of the
Ngorongoro Conservation Area, Tanzania. IUCN, Gland, Switzerland and
Cambridge, UK.
Kissui, B.M., and C. Packer. 2004. Top-down population regulation of a top predator:
lions in the Ngorongoro Crater. The royal society 271:1867–1874.
Marques, T.A., L. Thomas., S.G. Fancy., and S.T. Buckland. 2007. Improving estimates
of bird density using multiple covariate Distance sampling. The Auk 124:1229–
1243.
Masao, C.A., R. Makoba., and H. Sosovela. 2015. Will Ngorongoro Conservation Area
remain a world heritage site amidst increasing human footprint? International
Journal of Biodiversity and Conservation 7: 394-407.
Mascarenhas. A. 1983. Ngorongoro: A challenge to conservation and development.
Ambio 12:146-152.
McShea, W.J., C.M Stewart., L Kearns., and S. Bates. 2011. Road bias for deer density
estimates at 2 national parks in Maryland. Wildlife Society Bulletin 35:177–184.
Meine, C.D., and G.W. Archibald. 1996. The cranes - status survey and conservation
action plan. International Union for Conservation of Nature and Natural
Resources, Gland, Switzerland, and Cambridge, U.K
Miller, D.L., E. Rexstad., L. Thomas., L. Marshall., and J. Laake, 2016. Distance
Sampling in R. bioRxiv,063891. Accessed July 12, 2018
< https://doi.org/10.1101/063891>.

124

Mkiramweni, N.P. 2014. Sustainable wildlife tourism in the context of climate change.
The case study of the Ngorongoro Conservation Area, Tanzania. Dissertation.
Victoria University, Melborne, Australia.
Moehlman, P.D., V.A. Runyoro., and H. Hofer. 1997. Wildlife population trends in
Ngorongoro Crater.A summary of NCDP technical report No.12. Pages 59-67 in
D.M. Thomson, editor. Multiple land-use: The experience of the Ngorongoro
Conservation Area, Tanzania. IUCN, Gland, Switzerland and Cambridge, UK
Morelle, K., P. Bouché., F. Lehaire., V. Leeman., and P. Lejeune. 2012. Game species
monitoring using road–based distance sampling in association with thermal
imagers: a covariate analysis. s. Animal Biodiversity and Conservation 35.2:253–
265.
Morrison, K. (compiler) 2015. International Single Species Action Plan for the
Conservation of the Grey Crowned-Crane (Balearica regulorum). AEWA
Technical Series No. 59. Bonn, Germany.
Nyahongo, J, A. Lowass., L. Malungu, H. Nkya, G. Mwakalebe, J. Thomassen, B.P.
Kalteboron, R. Lyamuya, W. Marealle. J. Keyyu, S. Stokke, and E. Røskaft. 2007.
The effects of vehicle congestion in the environment – an EIA in the Ngorongoro
Crater. The Environmental Impact Assessment. Norwegian Institute for Nature
Research (NINA) report 258.83. Trondheim, Norway.
Norling, B.S., S.H. Anderson., and W.A. Hubert. 1992. Roost sites used by Sandhill
Crane staging along the Platte River, Nebraska. Great Basin Naturalist 52:253–
261.

125

Oates, L., and P.A. Rees. 2013. The historical ecology of the large mammal populations
of Ngorongoro Crater, Tanzania, east Africa. Mammal Review 43:124-141.
Packer, C., A.E. Pusey, H. Rowley, D.A. Gillbert., J. Matenson., and S.J. O’Brien. 1991.
Case study of a population bottleneck: lions of the Ngorongoro Crater.
Conservation Biology 5:219-230.
Packer. C., and A.E. Pusey. 1987. Retracing the history of the Ngorongoro Lions. Swara
10:30-31.
Perkin, P.L. 1997. The Ngorongoro Conservation Area: Values, history and land-use
conflicts Pages 19-32 in D.M. Thomson, editor. Multiple land-use: The
experience of the Ngorongoro Conservation Area, Tanzania. IUCN, Gland,
Switzerland and Cambridge, UK.
R Core Team. 2018. R: A language and environment for statistical computing. R Foundat
ion for Statistical Computing, Vienna, Austria. URL https://www.R-project.org/.
Ruette, S., P. Stahl., and M. Albaret. 2003. Applying distance-sampling methods to
spotlight counts of red foxes. Journal of Applied Ecology 40: 32 – 43.
Runyoro, V.A., H. Holfer, E.B. Chausi., and P.D Moel. 1995. Long term trends in the
herbivore populations of the Ngorongoro Crater, pages 146–158 in A.R.E.
Sinclair and P. Arcese, editors. Serengeti II: Dynamics, management and
conservation of an ecosystem. University of Chicago Press. USA.

126

Shanungu, G. 2015. New threats to Zambian Grey Crowned Crane Populations. Accessed
September 9, 2016 < Http://Www.Birdlife.Org/Worldwide/News/New-ThreatsZambian-Grey-Crowned-Crane-Populations>.
Shaw, J.M., A.R. Jenkins., D.G. Allan., and P.G. Ryan. 2016. Population size and trends
of Ludwig’s Bustard Neotis ludwigii and other large terrestrial in the Karoo,
South Africa. Bird Conservation International 26:69-86.
Stainbrook. D.P. 2013. Estimating white-tailed deer abundance at the Blue Hills
Reservation Using Distance Sampling. Commonwealth of Massachusetts,
Division Of Fisheries And Wildlife, Westborough, Massachusetts.
StataCorp. 2017. Stata Statistical Software: Release 15. College Station, Texas, USA.
Strindberg, S., P.J. Ersts., T. Collins, G.P. Sounguet., and H.C. Rosenbaum. 2011. Line
transect estimates of humpback whale abundance and distribution on their
wintering grounds in the coastal waters of Gabon. Journal of Cetacean Research
and Management 3:153–160.
Talbot, L.M. 1964. Ecology of Western Masailand, East Africa. Ann Arbor, Mich.:
UniversityMicrofilms. Accessed December 10, 2018.
<http://ehrafworldcultures.yale.edu/document?id=fl12-019>.
The Government of Tanzania [GTZ]. 2010. Ministry of Natural Resources and Tourism.
Ngorongoro Conservation Area General Management Plan 2006-2016. Dar Es
Salaam, Tanzania.
Thomas, L., S.T. Buckland., E.A. Rexstad., J.L. Laake., S. Strindberg., S.L. Hedley.,
J.R.B. Bishop., T.A. Marques., And K.P. Burnham. 2010. Distance software:

127

design and analysis of distance sampling surveys for estimating population size.
Journal Of Applied Ecology 47: 5–14.
Thomas, L., S.T. Buckland, K.P. Burnham., D.R. Anderson., J.L. Laake., D.L. Borchers.,
and S. Strindberg. 2002. Volume 1. Distance sampling. John Wiley & Sons, Ltd,
Chichester.
United Nations Educational, Scientific and Cultural Organization [UNESCO] 2018.
UNESCO homepage. <http://whc.unesco.org/en/list/?search
=Tanzania&order=country> Accessed 20th, December 2018.
Volpato, G.H., E.V.Lopes, L.B.Mendonça.,R. Boçon., M.V. Bisheimer., P.P.Serafini.,
and L. dos Anjos. 2009.The use of the point count method for bird survey in the
Atlantic forest. Zoologia 26:74–78.
Ward, A.I., P.C.L. White, and C.H Critchley. 2004. Roe deer Capreolus capreolus
behavior affects density estimates from distance sampling surveys, Mammal
Review 34:315–319.
Walkinshaw, L.H. 1964. The African crowned cranes. Wilson Bull. 76:355-377.
Zaba, J., and K. Gaidzik. 2011. The Ngorongoro Crater as the biggest geotouristic
attraction of the Gregory Rift (Northern Tanzania, Africa) – geographical setting.
Geotourism 1-2:3-26.
Zeppel, H.D. 2006. Indigenous ecotourism. Sustainable development and management.
James Cook University, Cairns, Australia.
Zuur, A., E.N. Ieno, N. Walker, A.A. Saveliev, and G.M. Smith. 2009. Mixed Effects
Models and Extensions in Ecology with R. Springer-Verlag, New York. .

128

Table 4.1 Summary of the number of transects (#Transects), Total sample size (N), number of crowned cranes that were observed
(# Observations), mean group size (Mean GS), mode of group size (Mode GS), median of group size (Median), range of group size
(Range GS), Minimum group size (Min GS) , Maximum group size (Max GS) and standard deviation of the groups size ( Std Dev),
for the dry and wet season that had a same path, also surveyed , Wet season equal to dry ( which had about 73% of the transects
surveyed on the dry season path) and wet season ( excluded) which had 27% of the transects surveys outside the dry season path.
April and August 2016, Ngorongoro Crater, Tanzania.
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Season

# Transects

# Crane
Observations

Mean
GS

Median

Min
GS

Max
GS

Std Dev

Dry season

40

106

5.22

2

1

61

7.020

Wet season (Equivalent to
dry season)

47

52

1.77

2

1

5

0.962

Wet season
(extra)

28

16

2.94

1.5

1

13

Wet Season (Total)

75

68

2.15

2

1

13

3.974
1.943

Table 4.2. Summary of the goodness of fit and AIC values for the wet (equal to dry) and dry season data with
covariates included, left and right truncated at w = 75m and 5% (260 m) and rescaled data. Summary provided
was after plausible model selection, surveyed in April 2016, Ngorongoro Crater, Tanzania.
Key
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Uniform
Uniform
Half-normal
Hazard-rate
Hazard-rate
Hazard-rate
Half-normal
Hazard-rate
Uniform
Half-normal
Hazard-rate
Half-normal
Hazard-rate

Adjustments/orders/
covariate

C-vM
p-value

Average
Detectability (AD)

Standard
Error (AD)

Cosine (1)
Cosine (1,2)
~1
~1
Season + Size
Season
Season
Size
Polynomial (2,4)
Herm-Poly (4)
Cosine (2)
Season + Size
Polynomial (2,4)

0.5031983
0.94000411
0.5338530
0.92055511
0.8620868
0.8790821
0.5263384
0.95477147
0.3841566
0.5584292
0.93721115
0.50092506
0.94998698

0.5938805
0.5226450
0.5902761
0.4957248
0.4701536
0.4976425
0.5880324
0.4697915
0.6084169
0.5875876
0.5266705
0.5885514
0.5071224

0.0344573
0.05383257
0.04290730
0.08220567
0.08493015
0.07998973
0.04264794
0.08873659
0.05107314
0.05797427
0.07513120
0.04288086
0.09747875

Delta AIC
0.0000000
0.2245368
1.0270849

1.0504200
1.2193113
1.8264134
2.1356795
2.4343002
2.5773571
2.7888862
2.8355849

4.0721510
4.40283

4.3 Summary of the abundance and density estimates for plausible models (from best to least) for the wet (wet equivalent to dry)
and dry season using data that include covariates season and group size, left and right truncated data at w = 75m and w = 263m
respectively. Surveyed in April and August 2016, Ngorongoro Crater, Tanzania.

Season
Wet
(Equal to

Key function
Uniform
Uniform
Half-normal

Adjustment
terms
Cosine (1)
Cosine (1,2)
~1

No.
obs
57
65
55

No.
Cranes /
obs
1.82
1.82
1.82

Hazard-rate

~1

69

1.82
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dry)
Hazard-rate
Hazard-rate
Uniform

Season + GR*
Season
Cosine (1)

53
53
136

1.82
1.82
5.60

No.
Cranes
103
118
100
126
96
96
762

Uniform

Cosine (1,2)

155

5.60

868

Half-normal

~1

137

5.60

762

Dry
Hazar-rate
Hazard-rate
Hazard-rate

~1
Season + GR*
Season

163
192
178

5.60
5.60
5.60

913
1075
996.8

#
Transects
42
42

# Cranes/
Transect
2.45
2.81

42

2.38

42
42
42

3.00
2.29
2.29

35

21.77

35

24.80

35
35
35
35

21.92
26.08
30.72
28.48

Mean
Transect
area
(km2)
1.04
1.04
1.04
1.04
1.04
1.04
1.04
1.04
1.04
1.04
1.04
1.04

Density/
Transect
Area
(Area)
2.36
2.70

Area
surveyed
(km2)
25.41
25.41

#
Cranes
60
69

2.29

25.41

58

2.88
2.21
2.21

25.41
25.41
25.41

73
56
56

20.19

21.28

430

23.08

21.28

580

21.08
24.07
29.54
27.38

21.28
21.28
21.28
21.28

449
512
629
583

Table 4.4 Summary of the goodness of fit and AIC values for the dry season using left truncated (w =75m
and rescaled data modelled without covariates, and right truncated data at w =8% = 225.44m, surveyed in
August 2016, Ngorongoro Crater, Tanzania.
Adjustments and
Key
Uniform
Half-normal
Half-normal
Uniform
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Uniform
Hazard-rate
Hazard-rate
Hazard-rate
Hazard-rate

Average

Standard

Detectability (AD)

Error (AD)

Delta AIC

0.7886

0.5710

0.0389

0.0000

Cosine (2)

0.5180

0.0810

1.8303

Polynomial (2,4)

0.7180

orders
Cosine (1)

C-vM
p-value

~1

0.8003
0.9434

0.5679

Cosine (1,2)

0.8927

0.5462

Hermite Poly (4)

0.8138

~1

Cosine (2)

Polynomial (2,4)

0.9051
0.9524
0.9466

0.5826
0.5655
0.5066
0.5072
0.4969

0.0519
0.0707
0.0525
0.0688
0.0918
0.0769
0.1321

0.2965
1.8493
2.0326
2.2240
2.5303
3.8240
5.7369

Table 4.5. Summary of the goodness of fit and AIC values for the wet season (equal to dry) using left truncated rescaled data
modelled without covariates, and right truncated at w =5% = 350m, surveyed in April 2016, Ngorongoro Crater, Tanzania.
Key
Half-normal
Uniform
Uniform
Half-normal
Uniform
Half-normal
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Uniform
Hazard-rate
Hazard-rate

Adjustments and
orders
~1

C-vM
p-value

Average Detectability
(AD)

Standard Error
(AD)

Delta AIC

0.954840

0.5757297

0.07439506

0.0000000

0.9532649

0.5786005

0.05691982

0.3185095

Polynomial (2)

0.5279471

Cosine (2)

0.9762947

Cosine (1)

Polynomial (2,4)

Hermite-Poly (4)
Cosine (1,2)
~1

Cosine (2)

0.783143

0.8882600
0.9658778
0.8595499
0.9797324

0.6666667
0.5429854
0.6274423
0.6044609
0.5655142
0.6310197
0.5415584

0.06242110
0.11703980
0.08983235
0.09752128
0.10688679
0.09858062
0.12059771

0.1413932
1.8950267
1.9165209
2.0095218
2.2991549
2.5428447
3.6658025

Table 4.6. Summary of the goodness of fit and AIC values for the wet season (Total) using left truncated
(w=50m) and rescaled data, modelled without covariates and right truncated at w =5% = 350m, surveyed
in April 2016, Ngorongoro Crater, Tanzania.
Key
Uniform
Uniform
Half-normal
Half-normal
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Uniform
Hazard-rate
Half-normal
Hazard-rate

Adjustments and
orders

C-vM
p-value

Cosine (1)

0.56029

Average
Detectability
(AD)
0.60818

0.4918905

0.6167232

Cosine (1,2)

0.9929068

Cosine (2)

0.9844182

None

Polynomial (2,4)
Cosine (2)

Hermite polynomial (4)
Polynomial (2,4)

0.4949139
0.9947473
0.5108501
0.9964795

0.5202066
0.4999443
0.6190470
0.4887683
0.6138566
0.4920450

Standard Error
(AD)
Delta AIC
0.05111521

0.0000000

0.06027134

1.8524362

0.07491161
0.08542095
0.07809020
0.12917475
0.09801419
0.14775633

0.1489115
1.8961385
2.1107921
2.7836347
3.5703537
4.1939665
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Table 4.7 Summary of abundance and density estimates of the plausible models, using data with left and right truncated and rescaled
data for the wet season (equal to dry), dry and wet (total). Wet season data was left truncated w = 50m and right truncated w = 5 %
(w = 340m). Dry season left truncation was w = 75m and right truncation at w = 8% (w=250m). Wet total was left truncated at 50m
and right truncated at 5% (w=350m). Surveys were conducted in April and August 2016 in Ngorongoro Crater, Tanzania.
Mean
#
No.
Transect Density
Area
Cranes/
Key
Adjustment No. Cranes /
No.
#
area
/
surveyed
#
Transect
2
2
2
Season
function
terms
obs
obs
Cranes Transects
(km )
Km
(km )
Cranes
Half-normal
~1
73
1.82
133
43
3.09
1.36
2.27
30.70
70
Wet
Uniform
Poly (2)
63
1.82
115
43
2.67
1.36
1.96
30.70
60
Uniform
Cosine (1)
73
1.82
133
1.36
(Equal to
43
3.09
2.27
30.70
70
Half-normal
Cosine (2)
77
1.82
140
1.36
dry)
43
3.26
2.40
30.89
74
Uniform
Poly (1)
133
4.41
587
0.90
33
17.77
19.74
18.36
362
Half-normal
~1
134
4.41
591
0.90
33
17.91
19.90
18.36
365
Uniform
Cosine (2)
147
4.41
648
0.90
Dry
33
19.64
21.82
18.36
401
Uniform
Cosine (1,2) 139
4.41
613
33
18.58
0.90
20.68
18.36
380
2.21
210
1.4
Uniform
Cosine (1)
95
73
2.88
2.06
53.19
109
2.21
246
1.4
Uniform
Cosine (1,2) 111
73
3.36
2.40
53.19
128
2.21
208
1.4
Half-normal None
Wet
94
73
2.85
2.04
53.19
108
2.21
256
1.4
Half-normal Cosine (2)
(Total)
116
73
3.51
2.51
53.19
133

(B)

(A)

Figure 4.1. Map of the study area, (A) Ngorongoro Conservation Area and (B)
Ngorongoro Crater, Tanzania
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Figure 4.2. Dry season transect path and area covered at maximum perpendicular
distance of 485m, surveyed in Ngorongoro Crater, Tanzania, August 2016.
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Figure 4.3: Wet season transect path and area covered at maximum perpendicular
distance of 400m, surveyed in Ngorongoro Crater, Tanzania, April 2016.
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Figure 4.4. Wet season (extra) and wet season (equivalent to dry) transect paths
and maximum areas covered, at maximum perpendicular distance of 550m for wet
season (extra) and 400m for wet season (equivalent to dry), surveyed in
Ngorongoro Crater, Tanzania, April 2016.
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Figure 4.5. Observations of crowned cranes as at various perpendicular distances
from transect line in Ngorongoro Crater, for the dry season, wet (transect path
equivalent to dry season) and wet (other), surveyed in Ngorongoro Crater,
Tanzania in April (wet) and August (dry), 2016.
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Figure 4.6. Crowned crane group size as a function of perpendicular distance
modelled with crane data from similar transect paths during the wet and dry
season in Ngorongoro Crater, Tanzania, April and August 2016.
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Figure 4.7. Predicted group sizes of Grey Crowned Cranes in the Ngorongoro Crater,
Tanzania for the wet and dry and seasons. Surveyed in April and August 2016.
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Figure 4.8. Grass height distribution surveyed in April 2016 (wet season), and
August 2016 (dry season) in Ngorongoro Crater, Tanzania.
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CHAPTER 5
A REVIEW OF INTRENATIONAL TRADE OF GREY CROWNED CRANES

Abstract
The international trade in wildlife, whether legal or illegal, is a highly lucrative
business. If not well regulated, trade can threaten the survival of wildlife populations. I
review the international trade of grey crowned in Tanzania by analyzing the grey
crowned crane data from CITES trade data base and SpeciesPlus data. The goal of this
review was to gain a better understanding of the international trade in grey crowned
cranes by analyzing the CITES Trade database for the numbers of cranes that were
reported by exporting countries (focusing specifically on Tanzania) in comparison to
numbers reported by importing countries. There were major discrepancies in the CITES
data, indicating major limitations of the system and underscoring a critical need to stop
all trade in grey crowned cranes and to initiate conservation education programs in rural
communities in Tanzania.

Introduction
International wildlife trade is highly profitable with estimates of US$300 million/year for
legal trade (Ahlenius 2008, Dalberg Global Development Advisors 2012) and US$5-20
billion/year for illegal trade (Milliken 2014). If well-managed, international trade can
provide numerous benefits, including income and employment opportunities, and
support to rural economies where live capture or hunting take place (Cooney et al.
2015). In Tanzania, the Wildlife Division estimated values of US$84.7 million through
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tourist hunting and US$0.4 million in live animal trade between 2009 and 2013 (United
Republic of Tanzania, 2013). Yet, international wildlife trade, especially illegal trade,
has repercussions beyond the conservation of species. Illegal wildlife trade is linked to
imperiling the security of countries, using profits from unlawful wildlife trade in
financing civil unrest and terrorism-related activities (Dalberg Global Development
Advisors 2012, Haken 2011, Mak and Song 2018).
Nearly 4,561 bird species comprising 46% of all bird species are exploited by
people for various purposes (BirdLife International, 2016a) with millions of individuals
exposed to domestic or international trade annually (BirdLife International 2021a).
Nearly all birds involved in international trade are shipped from tropical countries
(Mulliken et al. 1996). Africa accounts for 19% of global exports in birds (Symes et al.
2018). In 1988, Senegal was the number one exporter of CITES-listed bird species
followed by Tanzania (Inskipp 1990), including grey crowned cranes (Balearica
regulorum) that are considered to be threatened by both domestic and international trade
(Harris and Mirande 2013, Morrison 2015). Illegal trade in grey crowned cranes involves
live capture and collection of eggs and chicks for food, traditional uses, domestication,
and illegal export, all of which are among the major reasons that grey crowned crane
numbers have declined (Birdlife International 2013, Beilfuss et al. 2007). Although legal
trade is not well documented in the literature, in Tanzania it has mostly involved the
capture of live specimens. Grey crowned cranes have been and continue to be used for
display in safari parks and private gardens and hotels as an ornament or a symbol of
status (Morrison 2015). Additionally, poor laws governing the conservation of grey
crowned cranes in many of the countries of origin has contributed to the species being
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collected illegally. In 2013, CITES suspended trade in wild grey crowned cranes from
some East African countries, including Tanzania and Rwanda (CITES 2013).
The goal of this review was to gain a better understanding of the international
trade in grey crowned cranes by analyzing the CITES Trade database for the numbers of
cranes that were reported by exporting countries (focusing specifically on Tanzania) in
comparison to numbers by importing countries.

Methods
I obtained crowned crane trade records from the CITES trade data base and the
SpeciesPlus database. The SpeciesPlus data base was established by UNEP-WCMC and
the CITES Secretariat to help with implementing the CITES Convention on Migratory
Species (CMC), and other multilateral environmental agreements (Geschke et al, 2018).
I focused primarily on the wild-caught grey crowned cranes exported by various
countries in the years 1992 to 2018. For Tanzania, the database did not always indicate if
a crane was wild-caught or bred in captivity. Thus , I only analyzed data that indicated
that the crane was caught from the wild (UNEP-WCMC 2013a).

Results
From 1991 to 2011 nearly 78% of all trade of wild caught grey crowned cranes
world-wide originated from Tanzania (Table 1). A majority of the countries reported
importing grey crowned cranes for commercial uses, followed by use in zoos with very
few to use as trophies, breeding and for scientific reasons. However, there were
discrepancies in the reported numbers of imported and exported grey crowned cranes in
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nearly 80% (n = 12/15) of countries that were involved in the trade of wild grey crowned
cranes from Tanzania (Table 1), including countries where cranes are not native. During
1991 to 2011, importing countries reported a total of 1816 cranes imported from
Tanzania, Tanzania reported to only export 466 cranes. There were mismatches in the
reported numbers of exported grey crowned cranes from Tanzania and the number
imported by other countries (Table 2). Overall, discrepancies in reporting the number of
cranes traded was observed in nearly 89% (n=19) of the countries that Tanzania traded
grey crowned cranes with from 1991 to 2011. For example, Tanzania reported no exports
to nearly 42% (n = 19) of the countries it traded grey crowned cranes to; yet, import
records from these countries showed cranes were imported from Tanzania ( Table 2).
Also, there were 3 cases where importing countries indicated zero imports, yet Tanzania
exported cranes to those countries. Overall, Netherlands imported the largest number of
wild crowned cranes from Tanzania. Between the years 1991-1999, Netherlands
imported 1,223 grey crowned cranes, mostly for commercial trade and zoos, but Tanzania
reported exporting only 232 crowned cranes to Netherlands. Nearly 74% (n=19) of the
countries imported cranes for commercial trade purpose, followed by zoo (56%) and
breeding, scientific studies and trophy (26%).
From 1988 to 2001, Tanzania was permitted export quotas of 366 cranes. From
2001 to 2007, the export quotas were reduced from 50 to 0 grey crowned cranes, but
again raised to 100 cranes between 2008-2011. From 2001 to 2005, Tanzania exceeded
the export quotas by 56 cranes, and in 2005 Tanzania exported 14 grey crowned cranes
even when the quota was 0.
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Discussion
The reasons for the large discrepancies in the reported numbers of grey crowned
cranes imported and exported from the parties are unknown. Yet, in most cases, the data
show that exporting countries reported larger numbers of cranes exported than the
importing countries reported receiving. Further, data from CITES and the Wildlife
Division of Tanzania reported that Tanzania exporting 2,134 black crowned cranes
between 1983-1990 (Edwards and Broad 1996); however, black crowned cranes are not
native to Tanzania. It is unknown if this represents simply a taxonomic error, considering
both species are morphologically similar.
Phelps et al. (2010) reported that discrepancies between CITES export and
import data are widespread. Other studies reported these discrepancies arise from
taxonomic mis-categorization, typographic errors, legal obligation avoidance (Blundell
and Mascia 2005), and unreported information (intentional or unintentional) resulting
from illegal trade (Ferris 2014). Other reporting issues in the CITES data base include
the use of non-preferred units (Janssen and Blanken 2016) and confusing number of
permits issued to number of actual animals imported or exported (Janssen and Blanken
2016). According to UNEP-WCMC (2013a), these differences in numbers of trade
transactions result from differences in report terms and units for the species being traded.
Sometimes, one of the trading partners is not a CITES Party or may have not submitted
the trade report for the year in question until the following year.
Between 2001-2003 and in 2005, Tanzania did not adhere to the CITES export
quotas. Remarkably, 473 cranes in 1988 and 225 cranes in 1989 were exported from
Tanzania when the export quotas were zero (Planning and Assessment for Wildlife
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Management 2016). The Department of Wildlife in Tanzania recognized these
deficiencies in the quota system (Edwards and Broad 1996, United Republic of Tanzania,
2020), and in 2016 banned the trade in live animals for three years (UNEP-WCMC
2019). Wildlife trade was resumed in 2019, and in 2020 the Tanzania Wildlife Authority
(TAWA) produced a quota setting plan to guide the offtake of wildlife resources. In their
2020 report, the United Republic of Tanzania (2020) identified several reasons for the
discrepancies in the quota reporting system, including: inadequate funding to conduct
wildlife surveys, insufficient capacity among districts, limited procedures to involve
stakeholders in quota settings, inadequate monitoring of hunting practices and quota
utilization, and insufficient animal data for setting quota.
Cooney et al. (2015) reported that many species harvested for international trade
are obtained at unsustainable rates, and overexploitation through trade is a major driver of
global biodiversity decline. While CITES trade date can be useful for planning for
research, revealing unsustainable practices of wildlife trade, and targeting law
enforcement training (UNEP-WCMC 2013b), the effectiveness of the convention in
regulating wildlife trade while ensuring the protection of the flora and fauna species has
been questioned. CITES uses a variety of methods to encourage parties to comply with
the treaty, including technical and political missions, warnings, formal cautions,
legislation plans, compliance action plans and recommendations to suspend the CITES
trade (Reeve 2006). While these procedures have facilitated compliance of CITES rules
and regulations for some countries, some countries have failed to enact the legislation
needed to comply (Reeve 2006). However, the accuracy of legal trade information
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obtained from CITES has been questioned as it relies on the individual parties to report
on trade and to enforce the laws (Ribeiro et al. 2019).
I propose that there is an urgent need to completely suspend all trade in grey
crowned cranes and move the species to Appendix I of CITES because of the species
declining population and ongoing illegal trade and inability to track the origin of the
species being traded. As of 2018 and 2019, the CITES trade data base indicated that
cranes were being traded for various reasons. Grey crowned cranes are classified as an
endangered species under the IUCN Red List data book and their population continues to
decline (BirdLife International 2016b). Thus, it is unwise for CITES to continue allowing
the species to be harvested for commercial use when its populations are already in peril.
Studies by Amulike et al. (Chapter 1) indicated that illegal trade in grey crowned cranes
still occurs in some parts of Tanzania. I strongly encourage the government of Tanzania
and environmental organizations to develop a conservation plan for grey crowned cranes.
I also recommend that conservation education programs be developed and offered in the
communities near key crane areas. With positive attitudes towards the conservation of
grey crowned cranes in rural communities in Tanzania (Amulike et al. Chapter 1), crane
conservation education programs will help reduce the illegal activities and win the
support of residents in protecting cranes and their habitats.
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Table 5.1 Countries involved in the trade of live wild grey crowned cranes, numbers of cranes imported and exported, years
imported and exported, and purpose of export and import. Data obtained from the CITES trade data base from 1991-2011.
CT = commercial trade, B = breeding in captivity or artificial propagation, S = scientific studies, p = personal use, Z= zoo.
Exporting
Country
Belgium

# of
cranes
imported
3

# of
cranes
exported
8

Country of
origin

Ivory Coast

0
0

Canada
DRC Congo
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Czech
Republic
Spain
France

Great Britain

0
90

2
2

13

Year
range

Importing
countries

Purpose

Notes

Tanzania

Other
countries of
origin
None

1999
20002018

Israel and
Malta

USA
China, Mali,
Pakistan and
South Africa

CT

B, S
CT, Z

Number imported incomplete.
Israel imported 3

4

None

Burundi

1997

Burundi

P

Number imported incomplete,
origin was Burundi

19

Tanzania

None

Brazil,
Morocco
Turkey,
Brazil, Japan

CT

1
24

2

14
22

Tanzania
N/A

Tanzania
Tanzania
Tanzania

None
N/A

None
None
None

19951999

20002001
19951998
19932006
19922005

Tunisia

9

9

Tanzania

None

1994

Malaysia

0

20

Tanzania

None

2002

Slovakia

Hong Kong,
Japan,
Austria,
Hungary,
Taiwan
Czech
Republic,
Slovakia
China

CT, S
CT, P

B, CT, Z

CT, Z
CT

Number imported incomplete.
SA, and Pakistan did not report
on the number imported.
Number imported by China
was 90. The origin is not
known. However, DRC
exported a total of 24 cranes to
SA, Mali and Pakistan.
Number imported incomplete
Number imported incomplete

Number imported incomplete,
other purpose not completed
Number incomplete for Japan,
Hong Kong and Tunisia
Number imported incomplete
for Czech Republic, and
number exported to Slovakia
by Tunisia is incomplete
Number imported incomplete

Netherlands

87

142

Tanzania

None

19912000

Portugal

0

2

None

Kenya

1991

Sudan

0

32

N/A

N/A

Tanzania

1816

466

Tanzania

None

Singapore

1

7

Tanzania

None
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Great Britain,
Japan,
Switzerland,
Israel, Hong
Kong, Aruba,
Indonesia,
Malaysia,
Thailand,
Singapore,
Mauritius,
Turkey
Great Britain

CT

Number imported incomplete
for Switzerland, Great Britain,
Israel, Hong Kong, Aruba,
Indonesia, Malaysia, Mauritius
and Turkey

CT

2005

Arab
Emirates
Malaysia,
Netherlands

CT

Number imported by Great
Britain incomplete; origin was
Kenya
Number exported not reported,

19912011

Great Britain,
Netherlands,
Italy, United
States,
France,
Portugal,
Thailand,
Czech, Spain,
Indonesia,
Singapore,
South Africa,
Arab
Emirates,
Malaysia,

20052006

CT

Number exported Malaysia,
Number imported not reported
by Netherlands, Used for ZOO
in Netherlands and Used for
both trade and zoo in Malaysia

Number imported and
exported not reported for some
countries

Table 5.2 . A comparison of the number of grey crowned cranes exported by Tanzania and imported by
other countries. Raw data obtained from the CITES species data base from 1991-2011.
# of cranes
reported

# of cranes

imported

reported

from

exported by

Tanzania

Tanzania

Year

Purpose

Arab Emirates

0

4

2000

Zoo

Canada

54

138

1998-2011

Czech Republic

10

0

1995

Commercial trade

Spain

10

0

1995

Commercial trade

France

127

0

1994-2002

Great Britain

50

0

1991

Commercial trade

Hungary

4

0

2003

Commercial trade

Indonesia

6

12

1998-2001

Zoo

Iran

0

4

2002

Zoo

Importer
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Commercial trade, zoo, breeding

Commercial trade, hunting trophy

Italy
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5

1991-2003

Japan

0

4

2002

Zoo

Madagascar

6

6

2001

Zoo, breeding

Malaysia

30

10

2000 - 2002

Commercial trade, zoo, breeding

1223

232

1991-1999

Commercial trade, zoo

Portugal

34

0

1994

Singapore

33

35

1998 - 2005

Thailand

36

0

1994

Commercial trade

United States

19

0

1991-1994

Commercial trade

South Africa

14

22

2000-2001

Commercial trade, zoo

Netherlands

Commercial trade, zoo

Commercial trade
Commercial trade, zoo, scientific
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Table 5.3. Reported numbers of grey crowned cranes exported by Tanzania versus the
CITES quota for wild grey crowned cranes between 1998-2012. Data obtained from
CITES quota data base and species plus net.
Year

CITES

No.

quota

exported

number

by

Notes

Tanzania
1998

366

0

2000

366

176

1999
2001

366
50

0

76

Exceeded 6 of the wild caught,
23 more cranes were traded

2002

20

43

2004

5

0

2003
2005
2006
2007

6
0

14

0

0

0

2008

100

2010

100

2009
2011
2012

19

100
100
100

0
0
0
0
4
0
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20 were captive sourced
Exceeded

Exceeded quota

APPENDIX A
QUESTIONNAIRE FOR COMMUNITY SURVEYS CONDUCTED IN
TANZANIA DURING FEBRUARY-DECEMBER 2015

Before participants are asked to participate in this survey, a questionnaire should
be given to the participant to read. For those who cannot read, ask them if it is
alright to have you read the contents of the questionnaire. After they have read the
questionnaire, give a summary of what the survey is about. Provide enough time
for the individual to feel comfortable to participate in the survey. Continue with
the survey if the individual agrees to participate.
NB: Also feel free to explore additional details and concerns expressed during the
interview.
General information:
Age Group

<20

21-40

41-60

>60

Gender: Female

Male

Gender: F/M (please circle)
1. Have you ever seen this bird before? (show a photo of a grey crowned crane)
YES

NO

NOT SURE.

(Also show photos of 4 other large birds to participants to make sure that they do
not confuse these birds with grey crowned cranes).
2. If the answer is yes, proceed to the next question.
3. What is the name of your village?........................................................................
4. What is your tribe?...............................................................................................
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Cranes and Farmers
5. What is your major occupation? (check occupation)
Farmer

Business

Livestock keeper

Fisherman

Other …………

6. If farmers what type of crops do you grow and what is the size of your farm
(i.e. small subsistence or larger commercial)…………………………………

7. Do cranes cause any damage to your crops?
YES

NO

NOT SURE

8. If YES, what type of crops do cranes damage and how much damage do you
experience?
9. What do you do to prevent crop damage caused by cranes?
Distribution of Cranes
10. Where in the village have you seen grey crowned cranes?
11. Have you seen cranes in other villages? If so, where?
12. In which habitats did you see the grey crowned cranes?
Wetlands

Grasslands

Farmlands

Other (specify)……………

13. When did you see the cranes? (Please specify months)
Rainy season

Dry season

14. Can you specify the months in which you saw the cranes? ( That is with and
without chicks)
Jan

Feb

Mar

Apr

May Jun
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July

Aug

Sep

Oct

Nov

Dec

Breeding
15. Have you ever seen grey crowned cranes sitting on nests?
YES

NO

NOT SURE

16. Where did you see them sitting on nests (specify the area in the village/such as
name of the wetland…………………………………………………………
17. In what habitats did you see them sitting on nests
Wetlands

Grasslands

Farmlands

Other (specify)……………

18. What period of the year did you see them sitting on the nests?
Rainy season

Dry season

19. In what months did you see the cranes on nests?
Jan

Feb

Mar

Apr

May

Jun

July

Aug

Sep

Oct

Nov

Dec

20. Have you ever seen grey crowned cranes with chicks?
YES

NO

NOT SURE

21. Where did you see Grey Crowned Cranes with chicks? (Specify the area in the
village/such as name of the wetland) ………………………………………..
22. What period of the year did you see the cranes with chicks?
Rainy season

Dry season

23. In what months did you see the cranes with chicks?
Jan

Feb

Mar

Apr

May

Jun

July

Aug

Sep

Oct

Nov

24. How many birds did you see in a flock? .................................................
25. How does the number of bids in a flock differ seasonally? (meaning in what is
the flock size during each season, which season do you see a large or small
flock of cranes?)
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Dec

26. Where do these birds roost?
27. How many cranes do you see in a roost site.
Crane Trade
28. What do you do when you see a crane?
29. What would you like to do when you see a crane?
30. What do other people in your community do when they see a crane?
31. Have you ever seen anyone catching cranes/chicks or collecting their eggs?
YES

NO

NOT SURE (if the answer is NO jump to question 37)

32. How do people use cranes, chicks and their eggs when they catch them?
…………………………………………………………………………..
33. Who is involved in catching the cranes?
Locals

Foreigners

other (specify)……………………………...........

34. Who buys the cranes?
Locals

Foreigners

Others ( specify)…………………………...…

35. Where are cranes taken after buying or collecting them……………………
For what purposes are cranes, eggs and chicks collected? ( how are the cranes
used?)………………………………………………
36. How much does a crane, chick and eggs cost? ..............................
37. Do cranes have any value in your culture?
YES

NO

NOT SURE

38. If yes, how are cranes used in your culture?
39. Is it important to you that cranes have a place to live safely?
YES

NO

NOT SURE
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40. If YES or NO, please explain………………………………………………
41. Are you aware of the moratorium on crane trade in Tanzania?
YES

NO

42. What are the other threats to cranes?
43. Do you think cranes are increasing or decreasing compared to five and ten
years ago?
44. What do you think is causing the cranes to increase or decrease.
45. What else would you like to share about what we have talked about so far?
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APPENDIX B
WARD-SPECIFIC VARIABLES USED TO MODEL THE PROPORTION
TANZANIAN VILLAGERS INTERVIEWED IN DIFFERENT WARDS DURING
FEBRUARY-DECEMBER 2015 REPORTED LOCATIONS OF GRAY
CROWNED CRANES IN THE WARD IN THE PREVIOUS 5-10 YEARS.
__________________________________________________________________
No. of villagers interviewed in a ward
Density of ward interviewees (no. per 100 km2)
River density (km per km2)
Percent of ward covered by land cover type
Wetlands – includes swamps, flooded areas, lakes, rivers
Grasslands – non-cultivated open lands
Farmland – e.g., rice, row crops such as maize, sorghum
Protected area – includes national parks, game reserves, forest reserves,
wildlife management areas, and game-controlled areas
Human population density in ward (per 100 km2)
Presence or absence of a protected area in a ward
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APPENDIX C
PROPORTION OF VILLAGERS SURVEYED THAT WERE FARMERS, AND THE FREQUENCY OF CROPS RAISED
BY FARMERS, FOR DISTRICTS IN THE
FOUR REGIONS OF TANZANIA IN WHICH GREY CROWNED CRANES SURVEYS WERE CONDUCTED.
___________________________________________________________________________________________________________

Villager interviewed
Percent of responses indicating crop grown
-------------------------No. of
-------------------------------------------------------------------------Region
District
N % Farmers
responsesa
Rice
Maize
Beans Bananas Tomatoes Other
___________________________________________________________________________________________________________
Arusha

Arumeru
Karatu
Longido
Monduli
Ngorongoro
Total/mean
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Kilimanjaro

Moshi
Mwanga
Rombo
Same
Siha
Total/mean

Singida

Iramba

27
7
16
33
17
----100

74
71
13
12
24
--35

27
7
2
5
6
--47

4
14
0
60
17
--13

22
71
100
40
50
----38

0
14
0
0
17
--4

7
0
0
0
17
--6

52
0
0
0
--30

15
0
0
0
0
--9

13
40
11
43
7
----116

23
55
64
58
0
--49

7
25
9
33
0
--74

43
36
44
55
0
--45

29
32
33
27
0
--30

14
16
11
9
0
--12

14
16
1
9
0
--12

0
0
0
0
0
--0

0
0
0
0
0
--0

22

64

9

0

0

0

0

0

100

Mbeya
Mbarali
82
98
95
82
16
0
0
0
___________________________________________________________________________________________________________
a

b

Responses = number of times a crop was reported being grown; some farmers did not report the kinds of crops they grew, and others reported growing more than one crop.
Maize, Sorghum and millet (typical of the area; United Republic of Tanzania, 2017).
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